\ 
WO 


00000 


Vol. 37 NEW YORK, MARCH 4, 1913 No. 9 


The Examiners Examined 


Y 
Y 
Y 
Y 
j 


= 


|| 


THE TABLES TURNED IN MASSACHUSETTS 


(See pages 292 and 305) 


gr 
\ N \ \N WN \ N WW 
~ 
| 


286 POWER 


Vol. 37, No. 9 


Turbines and Diesel Engines in Central Stations 


SYNOPSIS—Abstract of a paper recently read by M. 
Gercke, chief engineer of the Maschinenbaufabrik Augs- 
burg-Niirnberg, at a meeting of the association of elec- 
iric central-station managers and engineers in Wiel, Ger- 
many. The author gives an interesting comparison of 
the relative economic importance of steam turbines and 
Diesel oil engines for central-station work. 
33 

In order to get a safe basis of comparison it is essential, 
lesides considering the technical advantages and disad- 
vantages of the two modes of power generation, to study 
their respective costs of operation. 

Steam-driven Generators. Their chief domain is in 
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large power stations. Their advantages in general—and 
when turbines are employed in particular—are : unlimited 
capacity of units, low initial cost, as referred to the unit 
of output, large overload capacity, simplicity of attend- 
ance and upkeep, possibility of using all kinds of coal, 
even the most inferior grades, as, for example, raw brown 
coal, lignite, peat, etc. Their disadvantages are: de- 
pendence of heat consumption per unit output upon the 
character of attendance and upkeep, dangers and draw- 
backs associated with the use of boilers (cleaning, in- 
spection, removal of ashes, dust and smoke nuisance), 
losses of fuel through starting and extinguishing fires, 
large consumption of cooling water by condensers, the 
cperating condition of the latter being determinative for 
the economy of operation. 

Oil-driven Generators. Their chief domain is in small- 
and medium-sized power stations. Their advantages are: 
high thermal efficiency, a low heat consumption per unit 
of output, which is practically independent of size of en- 
gine and skill of attendance ; absence of smoke and fumes, 
immediate readiness to start, no fuel losses when start- 
ing or stopping, no trouble with dust in flues and removal 
of ashes; reduced purchase, replenishment and storage 
of fuel in tanks, less consumption of cooling water. Their 
disadvantages are almost nil, except the stresses exercised 
on the foundation by the inertia forces, which is a de- 
fect common to most reciprocating piston engines. An- 
cther drawback: Diesel engines cannot be built up to 


_units of unlimited capacity. With horizontal twin ten- 


dem combinations the upper limit of size is 4000 hp 
With vertical engines an increase of capacity up to 6000 
hp. is possible, but a still further increase of the size of 
units is at present out of the question, as the heavies! 
pieces of a 6000-hp. twin-tandem engine running at ‘4 
i.p.m., weigh already 80 tons, and must be transported 
by special railway cars. 

Total Efficiencies. The above mentioned thermal su- 
periority of the Diesel oil engine is not in all cases as- 
sociated with a general economic superiority of the plant. 
The relative utilization of heat and consumption of coo!- 
ing water in Diesel engines and turbines of the same 
size are graphically compared in Fig. 1. The figures re- 
fer to engines of about 2000 hp. output, latest design and 
full load. But in order to arrive at just conclusions as 
io the actual conditions of heat utilization, the heat con- 
sumption of the two types at partial loads must also be 
considered. Figs. 2 and 3 show that with partial loads 
the factor of fuel cost becomes less favorable in Diesel 
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plants. It should be added, however, that the operating 
conditions of the steam plant are assumed to be very 
favorable, namely, admission pressure of steam 12 at- 
mospheres (176 Ib.), and temperature 325 deg. C., with 
normal delivery of cooling water. If conditions are less 
favorable, the consumption of steam increases consider- 
ably. 

Total Operating and Fuel Cost. The influence of fuel 
en the total operating cost depends on the following 
items: 

(1) Heat consumption per unit of output. 

(2) Heat price. 

(3) Engine capacity. 

(4) Ratio of actual operating hours to the maximum 
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possible operating hours per annum. In other words, the 
nfluence of fuel cost is proportional (1) to the locaj 
fuel cost, and (2) to the load factor 


Rated capacity X annual operating hours 

B65 
The higher these values are the greater is the import- 
ance of the fuel cost in the total operating expenses. The 
other items are: interest and amortization of initial capi- 
tal, administration and attendance, lubrication and clean- 
ing materials, upkeep and repair. The influence of fuel 
cost dominates with high heat prices and high load fac- 
tor. The influence of interest and amortization dominates 
with low load factor and low heat prices, especially when 
plants serve as auxiliary or reserve. Therefore, Diesel en- 
gines are not adapted to the latter purposes, also 
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not for covering occasional peak loads, because in this 
case the initial cost of the additional plant must be kept 
as low as possible, in order that the high interest and 
amortization charges may not burden the few operating 
hours of the auxiliary. An exception to this rule ob- 
tains in cases where immediate starting ability is re- 
quired. Then the Diesel oil engine is superior to the 
steam turbine. 

There are some cases which require special considera- 
tion, for example, when a central station is located direct- 
ly at the mouth of the coal pit, which is a growing prac- 
tice nowadays, or when it is situated in the midst of lig- 
nite and peat bogs, or in the direct vicinity of oil wells. 
In this case the fuel cost is very low and the steam tur- 
bine is superior to every other power generator, because 
\ts initial cost is small. The same holds true in the case 
of an electric power station which is to utilize the waste 
gases of blast furnaces, provided there are no steel plants 
or rolling mills attached to the furnaces which can use 
the surplus energy. Even though a gas-engine plant 
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consumes only half the quantity of gas that the turbine- 
driven unit does for the same output, the latter is su- 
perior, all points considered. For this very reason there 
are more steam turbines and engines used in the Baku 
and Galician oil fields than Diesel engines. 

Another case where the steam turbine is superior to the 
Diesel engine is when the waste heat of the plant can be 
utilized, especially when steam is used in considerable 
quantities for heating purposes. In central-station work 
this will hardly be the case, though in some cities, Niirn- 
berg, for example, the waste steam of the central station 
is used in a public bath. If all the waste steam can be 
utilized the turbine becomes equal in thermal efficiency 
to the Diesel engine and superior in economic excellence, 
on account of the lower initial cost and the cheaper ab- 
solute fuel price. In the case of small Diesel plants the 
utilization of waste heat does not pay, because the amount 
available is too small to produce a sufficient quantity of 
steam or hot water (about 300 to 400 calories per effective 
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horsepower-hour). In the case of larger Diesel plants the 
hot cooling water is preferably used in circulating heat- 
ers, and the heat of the burnt gases is utilized in. econo- 
mizers for preheating the feed water of boilers, as is done 
in the central station of Halle a.S. Finally, the Diesel 
oil engine is not suitable when units of over 4000 kw. 
or 6000 hp. are to be installed. In all other cases a com 
parative computation must ascertain whether a pure tur- 
bine or a pure Diesel plant is to be used, or whether 
a combination of the two types gives the highest economic 
efficiency. This is particularly necessary when an exist- 
ing steam-driven central station is to be enlarged and 
accurate operating results are available to form the basis 
of comparative calculations. 

Initial Cost of Complete Stations. In addition to the 
above reproduced curves showing heat price, heat utiliza- 
tion and consumption of cooling water, Fig. 4 gives a 
graphic idea of the comparative initial cost of the two 
types per effective horsepower for all sizes. The prices 
given refer, of course, to German conditions, but are 
nevertheless interesting. The number of types of Diesel 
engines among which a selection may be made being com- 
paratively small, the curve of initial cost is simple. In 
the case of the steam turbine a great deal depends upon 
the selection of the units; hence the initial costs are 
represented in form of a strip, the lower limiting curve 
of which gives the minimum values, and the middle curve 
the normal values which may be attained. The cost of 
real estate and the initial expense for water supply or 
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cooling-tower plants are not included in either case. If 
these are required they are, of course, more expensive in 
turbine plants than in Diesel plants. The cost of at- 
tendance of both types may be considered as nearly equal, 
because the higher expenditures for waste and lubrication 
of the Diesel engine are counterbalanced to some extent 
by the additional expenditures for the attendance of the 
boiler house. In the case of large units, steam turbines 
are again greatly superior, in this relation, to Diesel en- 
gines. The total annual operating costs of electric central 
stations of 15,000 hp. = 10,000 kw., equipped with steam 
turbines and Diesel oil engines respectively, are graphical- 
lv shown in Fig. 5. 

Summary of Results. If a new central station of small 
capacity, say up to 1000 hp. total output, is to be built, 
the Diesel engine under normal conditions is the most 
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space, no special permit required, simple fuel supply, 
possibility of storing large quantities of fuel in tanks 
without loss, are other advantages of the Diesel auxiliary. 
if strikes or other interruptions in the supply of coal oc- 
cur, the Diesel engine is extremely useful, because it may 
be operated independently, the oil being pumped in au- 
tomatically, and no special attendance being required. 
The central station of Halle is remarkable and well worth 
visiting for the automatism of its fuel supply. The stor- 
age and supply of coal to the boilers, even if automatic, is 
much more expensive and largely dependent upon the 
attendants, who may impair the continuity of the opera- 
tion. This danger is specially imminent if the bunkers 
in the boiler room are not very large. Moreover, the 
storage of coal involves considerable heat losses and lia- 
bility to self-ignition and fire. 


Dollars, 
otal 
| Gents Dollars 999 Dollars 
7.15417,500 304,000 
Horizontal, Double-acting, Four-Cycle il 
Tor Effective r450,000 | diese Engines in Twin-tdadem 
evolutions per 524350,000 Arrangement Using Tar-oil,4x | 
Minute Using Hard Coalas fuel. 3750 Effective Horsepower, Initial f 
Initial Capital without Real -400,000 Capital $ 524000 without Real 
il ( ( 
384 225,000 [300,000 ff £5 
f 
23 - 200,000 | 
| So L150.000 FUEL] COSI < 
COS 
< 100,000 3,210 
0 


0 10 20 30 40 50 60 7O 80 90 100 
Load’ Factor, Per Cent. 


Cost 


F 1G. 


Wages, Waste Lubrication Upkeep I-Per Cent 
ANNUAL Operat TING Cost oF AN ELEctTRIC CENTRAL STATION OF 15,000 Err. Hp. (10,000 Kw.) 


0 10 20 30 40 50 60 7 80 90 100 
Load Factor, PerCent 


Power 


Interest and Amortization I2% 


ToraL CAPACITY, IN GERMANY 


advantageous mode of generation, unless special fuel con- 
ditions prompt the application of piston steam engines. 
Stcam turbines are in no case advisable for small ca- 
pacities. In the case of central stations of medium size, 
from 1000 to 6000 hp. total output, the steam turbine 
wili prove superior in many cases. For capacities beyond 
6000 hp. or 4000 kw. it is the only type to be adopted. 
. Nevertheless, the large Diesel oil engine may prove an 
exceedingly valuable auxiliary to the steam turbine in 
mediur. «. 3 large central stations. Besides being eco- 
nomically con. arable with the steam turbine in case of 
high load facto: and high local fuel cost, even for large 
work, there is che immediate readiness to start and the 
avoidance of fuel losses during stoppages, which commend 
the Diesel engine for that purpose. Even the largest 
units can be started within two minutes and connected 
in parallel on the line, and loaded up to their full eapac- 
ity. This is very convenient in case of a breakdown or a 
sudden increase of load in the central station. Small floor 


The following conclusions are formulated by the 
author : 

(1) For capacities of over 1000 hp. the initial capita: 
outlay for a Diesel plant is higher than that required 
for a turbine plant of the same size. Hence the amount 
of interest and amortization per unit of output is also 
ligher in the Diesel plant. These items, however, are 
of decisive importance only if the load factor of the sta- 
tion is low. For higher loads they drop out of the cal- 
culation. As far as the item of operating cost is con- 
cerned the Diesel engine 1s not to be recommended as aii 
auxiliary. Only when the immediate readiness to start 
is a chief consideration is the Diesel engine superior. 

(2) The cost of heat per unit capacity in Diesel en- 
gines is considerably lower than in steam turbines, pro- 
vided the local price per 100,000 calories is 5c. or more, 
or if unfavorable water conditions prevent the utilization 
of the highest possible vacuum in the condenser of the 
turbine plant. 
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(3) With low load factors and low local fuel cost a 
steam turbine is the only mode of generation to be em 
ployed for large work, never a Diesel engine. 

(4) With high load factor and high local fuel cost 
ihe case is reversed, a Diesel plant being more eco- 
nomical. 

(5) The advantages of both types may in many cases 
be combined by installing Diesel engines and steam tur- 
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bines together, the former taking care of the continuous 
load or part of it, and the latter of the peak loads, occur- 
ring during few hours of the day. This distribution 
commends itself on account of the lower initial cost of 
the steam turbine and of the possibility of augmenting 
the output of high-pressure boilers for some time. Quite 
« number of combined plants of this character are al- 
ready in operation on the European continent. 


Smoke Prevention 


By A. C. 


SYNOPSIS—Some suggestions for burning coal with a 
minimum of smoke. The author points out that the 
chief difficulty as regards smoke legislation is to prove 
that a chimney so habitually emits smoke as to be a 
nuisance. 

Increased attention is being paid every year to the pub- 
lic nuisance caused by smoke from factory chimneys, but 
considerable ignorance as to the real problem involved is 
often shown by those most active in complaining of the 
smoke nuisance. Such legislation as exists only imper- 
fectly provides for the detection of offenders. 

Among other fallacies are the following: (1) That 
smoke is caused by incomplete combustion of coal due to 
insufficient air being supplied to the furnace; (2) that 
the loss of heat due to incomplete combustion represents 
a considerable proportion of the total heat in the coal 
and (3) that smoke can be easily prevented. 

As regards legislation, the principal difficulty is to es- 
tablish a basis on which it can be easily proved that a par- 
ticular chimney so habitually emits smoke as to consti- 
tute a nuisance. Such laws as exist either leave each 
case to be fought out on the general ground of whether 
a nuisance exists, or, if it is attempted to make any 
clearer definition, the emission of black smoke is pro- 
hibited. 

Even if there could be no question as to whether smoke 
is black, smoke of less density may be as great a nuisance 
as black smoke in respect to pollution of the atmosphere. 
The nuisance is caused by sending particles of unburnt 
carbon or hydrocarbons into the air, and the density of 
smoke may be reduced to almost any degree by simply 
diluting it with air without altering the total amount of 
solid matter emitted. To compare the amount of pre- 
ventable smoke discharged from two chimneys it is nec- 
essary to know the amount of coal being burnt in -the 
furnaces. Many so called smoke-preventing devices sim- 
ply aim at diluting the gases with excess air during the 
time smoke is most likely to be given off. 

Very few boiler furnaces fail to supply sufficient air for 
the complete combustion of the coal fired in them. About 
12 lb. of air is necessary to supply the oxygen for com- 
pletely burning 1 lb. of coal and under actual conditions 
most furnaces pass from 20 to 30 lb. of air per pound of 
coal. The reason smoke is emitted is that the air is not 
intimately mixed with the carbon and is not at a suffi- 
ciently high temperature. 

The problem of insuring complete combustion of bitu- 
minous coal is mainly one of temperature and involves 
continually keeping the furnace at a high temperature, 
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which is by no means easy. In the first place, the 
gases are reduced in temperature by coming in contact 
with the comparatively cold boiler plates; again, the fur- 
nace temperature is lowered every time fresh coal is 
thrown on the fire. One must,.therefore, aim at pre- 
venting any gases from coming in contact with the heat- 
ing surfaces except such as are products of complete 
combustion and also at introducing fresh coal in such a 
manner as to avoid reducing the furnace temperature 
either by reason of the low temperature of the coal itself 
or by the rush of cold air accompanying it. 

To fire in such small quantities that the amount of 
green coal on the bars at any time is insufficient to ap- 
preciably reduce the furnace temperature would involve 
continuous work such as no human being would per- 
form. 

Possibly the best attempt at smokeless hand firing 
can be attained by adopting the coking system, that is, 
firing green coal only on the dead plate and the front 
part of the grate and gradually pushing it to the back 
after all the hydrocarbon gases have been driven off and it 
has become an incandescent mass. This method of firing, 
however, is impossible unless the boiler is worked at a 
low rate, as the coking process, during which the hydro- 
carbons are given off, is comparatively slow and the effect 
is to reduce the available grate area of the boiler by 
about one-half. If boilers are worked at a high rate it 
is impossible to fire them by hand without smoke and 
the only practicable cure generally is to increase the 
number of boilers. 

Mechanical stokers more nearly comply with the con- 
ditions for smokeless combustion because the coal is fec 
without opening the fire doors and in small quantities at 
a time, if not continuously. That they do not always 
succeed in working without producing smoke is gen- 
erally due to the attempt to force the fires. This results 
in a low furnace temperature because there is too much 
green coal on the bars. 

A sharp draft is absolutely necessary for maintaining a 
high furnace temperature and the greater the amount of 
coal burned per square foot of grate, the sharper must 
be the draft, otherwise a fire is obtained which is in- 
candescent underneath and more or less green on the top. 
Further, the draft must be well distributed or the fuel 
bed will develop holes, as happens with some types of 
forced-draft furnaces where the draft is produced by 
blowers or steam jets. 

Such furnaces often give a fire having several bright 
patches ina bed of green coal and the half-burnt gases 
from the green coal never become intimately mixed with 
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the hotter products and consequently pass away as smoke. 
Unless smoke is consumed in the furnace it never will 
be consumed; it may be so diluted as to be light in 
color, but the objectionable matter is being expelled into 
the air just the same. 

As to the common fallacy that smoke necessarily repre- 
sents a large waste of fuel, a chimney may be smoking 


badly and yet the amount of heat lost by incomplete ° 


combustion may be negligible. The writer has tested the 
gases at the base of a number of smoky chimneys and 
has found that an average of 1 per cent. of carbon monox- 


Power Transmission 


SY NOPSIS—Why compressed air has been considered 
as an inefficient means of power transmission and im- 
provements made by manufacturers which have brought 
it to an equality with electrical transmission. 

In steam-driven machines of the oldest type the hori- 
zontal design was used, with the steam and air cylinders 
in tandem. No water jackets or spray cooling arrange- 
ment were provided for the air cylinder, and the piston 
speeds averaged from 200 to 300 ft. per min. The air 
valves were of the heavy flat type or of rubber, clearance 
spaces were anything and the compressor single-stage. 

Present-day designs are mostly vertical and of the in- 
closed type employing forced lubrication and water jack- 
eting for the cylinders. For pressures from 70 to 100 Ib. 
the compressor is generally two-stage. In a general way 
the above description covers the major portion of com- 
pressed-air plants with piston speeds up to 500 or 600 
ft. per min. Valve gears of combined mechanical and 
automatic type, or of light multiple-ported small-lift 
types, are employed and clearance spaces are down to 2 
or 3 per cent. When in some instances old compressors 
of the first mentioned design, or somewhat similar, were 
discarded and a new plant installed, the results obtained 
easily explain why compressors have for long been con- 
sidered inefficient. 
installing new machines a case is mentioned where a com- 
pressor of four times the capacity of the old machine 
taken out required only the same amount of steam per 
hour. 

When considering the general question of compressed 
air efficiency it is necessary not only to examine the com- 
pressor, but the pipe lines and the plant consuming the 
air must be considered; in this direction there has been 
great improvement. Taking a wide view ot the matter few 
engineers have given much study to compressed air and 
have taken for granted that what has been must still con- 
tinue. Looking at the matter from this standpoint, what 
is generally found in inquiries issued for large compress- 
ors? The capacity of the machine is given; if steam 
driven, steam pressure and vacuum are mentioned; if 
electrically driven, voltage. It is not general that steam 
consumption is asked, and on very rare occasions is a 
capacity test called for. Such a test when made is seldom, 
if ever, any check on the output of the machine, the test 
generally being to fill a reservoir of given capacity from 
atmospheric pressure to final working pressure. ‘The 


*Abstract of paper read by George Barr before the Man- 
chester (Eng.) Association of Engineers. 
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ide in the gases is very seldom reached. As high a per- 
centage as this is only obtained when there is little di- 
lution with excess air and when the carbon dioxide pres- 
ent is high, say, 10 to 12 per cent. 

Assuming the composition of the flue gases to be carbo: 
dioxide (CO,) 12 per cent., carbon monoxide (CO) | 
per cent., oxygen 6 per cent., nitrogen 81 per cent. anid 
the calorific value of the fuel to be 12,500 B.t.u. per Ib. 
the heat lost by incomplete combustion represents about 
5 per cent. of the total available heat in the fuel, which 
is much less than many imagine. 


by Compressed Air’ 


temperature of the air may be taken or may not, and when 
taken is generally misleading and possibly allows of error 
up to 10 per cent. In fact it is questionable whether 
there is one compressor at work at the moment, the actual 
capacity of which is known correctly through a test. 

The actual proof that any given machine is really 
delivering the full amount of air specified is not, of course, 
sufficient to prove the machine the best possible, as some 
designs may require more power to compress the air, due 
to small restricted air passages, poor cooling arrangements, 
low mechanical efficiency, etc. On the other hand a 
machine may not have a long life at a high state of effi- 
ciency. After all what the user wants is a machine to 
show small horsepower for air actually delivered, and a 
figure representing horsepower to compress say, every 100 
cu.ft. of air, covers volumetric efficiency, mechanical effi- 
ciency, losses in compression, etc. 

Taking a reciprocating two-stage air compressor, it will 
be found that a figure such as 20.5 electrical horsepower 
is required to compress and deliver every 100 cu.ft. of 
air up to 100-lb. pressure. Such a figure might reason- 
ablv be expected as “covers” for, say, 90 per cent. motor 
efficiency. For steam-driven machines the indicated 
horsepower in the steam cylinder per 100 cu.ft. of air 
compressed as above, should be about 20. 

Passing to present designs and bearing in mind the 
present tendency to install more of such plants in 
collieries and shipyards, it might not be out of place to 
give an idea-of the general tendencies. First it is found 
in a general way that colliery units range from about 1000 
to 5000 cu.ft. and the electrically driven units from 1000 
to 3000 cu.ft. with unit horsepowers from, say, 200 to 600. 
These represent plants placed on the bank and power 
drawn from local power companies’ mains. In some 
quarters there seems to be a tendency to try in the mine 
smaller semi-portable sets of strong and efficient design, 
with more attention given to strength and simplicity than 
was: hitherto the case, when lightness was considered the 
main necessity. 

Comparing overall efficiency of the electrical methods 
with a large steam-driven compressor on the bank, Mr. 
Barr gives the following losses. In the steam-driven 
machine the mechanical loss is 10 per cent. and transmis- 
sion losses including leakage 7 per cent. For the electrical! 
plant assume the current generated at the power house. 
as it will be found in a general way that the losses in the 
generation will equal the extra charge for the power as 
made by the power company. Then there are 10 per cent. 
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mechanical loss in the engine, 10 per cent. loss in the 
dynamo, 5 per cent. loss in the transmission for the small 
semi-portable machines and 10 per cent. loss in the motor 
driving the compressor. For large motor-driven machines 
the same allowance of 7 per cent. loss for air transmission 
must be made as in the steam-driven sets, and for the 
small semi-portable sets there is a loss of 3 per cent. for 
the short air piping and leakage. These figures are all 
relative, but are a fair mean for all the cases. Steam losses 
therefore equal 17 per cent., large motor sets 37 per cent., 
and small motor sets 38 per cent., or a difference of 20 and 
21 per cent., respectively, representing a margin to cover 
extra price paid to power companies, or a figure which 
will make it possible to decide whether extra interest 
could not be readily paid on the extra capital for the 
steam-driven sets, together with the difference in running 
cost and upkeep of both schemes. 

Mr. Barr reviewed the changes which have taken place 
in detail of construction, such as cooling arrangements, 
governing, lubrication, valve gear, etc. Summarizing he 
finds with a large installation of four machines of, say, 
2500 cu.ft. capacity each, first, no automatic stopping gear 
is wanted, as there will be an attendant who can be made 
use of for any starting or stopping actually wanted over 
a given day. But if in an electrically driven plant one 
of the sets had a variable-speed motor to give a desired 
range when all the plant was in use, this would cover all 
actual requirements. However, an additional controlling 
gear arranged to allow so much air to be discharged before 
compression starts, would give a plant covering all pos- 
sible fluctuations and assure high efficiency over varying 
conditions, with the extra advantage of being reasonably 
cheap. 

At the moment automatic valve gears are those most 
used, and certainly it would appear that the greatest 
progress has been made in this class. They take the form 
of a multiple-ported or grid valve with very small lift, the 
form of valve, fixings and springs being covered more or 
less by various patents. Should an examination be made 
of indicator diagrams taken from one of the latest high- 
speed machines with multiple-ported valves, it would be 
apparent that the losses due to throttling either on the 
inlet or discharge are very small and leave little margin 
for improvement in this direction. 

Where it was common to install single-stage machines 
for pressures of say, 60, 80 and even 100 lb., two-stage 
compression is now most common. An increase in com- 
pressor efficiency of say, 10 to 15 per cent. is obtained 
in large size units, which also makes for greater reliablity 
due to absence of heating troubles. Further, cooler and 
drier air in the system can be secured, but it is necessary 
to have intercoolers of reasonable size, 1 sq.ft. of cooling 
surface for every 4 cu.ft. of air compressed to 100 lb. not 
being too large. The intercoolers are also better if placed 
outside the engine rooms in the atmosphere, say on the 
shaded side of the building. The cylinder cooling in the 
best makes of machines may be taken as generally the 
most efficient possible, as most compressors now have 
jackets carried entirely around the cylinders and covers. 

Referring to the question of reheating, Mr. Barr admits 
that it would certainly add considerably to the efficiency 
of a compressed-air installation. In collieries however, 
the air is not used at one particular spot; to heat the air 
immediately after leaving the compressor to, say, 350 deg. 
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F. and then pass it along a distance of perhaps 1000 ft. 
is simply wasting money. 

With newer designs of machines where piston speeds 
are higher, more care must be taken of air-cylinder lubri- 
cation. In fact, more trouble develops from the use of 
unsuitable oils in the cylinders than is necessary. The 
same conditions do not prevail in an air cylinder as in the 
average steam cylinder, where condensation can always be 
depended upon to assist towards lubrication. In the air 
cylinders, although there is moisture in the air, this will 
not deposit at the high temperature. In fact, the air 
cylinders will run very dry and seizures will be the rule if 
proper care is not taken. For air-cylinder lubrication an 
oil with high flash point is needed, which will leave little 
or no deposit, such as high-class gas-engine oil. 

These remarks do not refer to compressors other than 
the usual machines for pneumatic tools and uses requiring 
similar pressures. For higher pressures machines of three- 
and four-stages are necessary. 

Air compressors can now be had very much higher in 
efficiency than ten years ago. More care is being taken in 
the layout of piping systems, and if this betterment were 
carried into the plant which consumed the air, there would 
be shown in such places as collieries, results equal to the 
best electrical schemes. This statement does not suggest 
that over an instantaneous reading an overall efficiency 
could, be shown with air equal to electricity, but taking a 
year’s comparison with all upkeep charges, running cost 
and interest on differences in invested capital, or in other 
words the cost per ton of coal raised averaged over a year, 
the costs would be much the same. This is the correct 
test and the efficiency which really matters. 


Power Plant Operation in the Army 


Brig.-Gen. Weaver, chief of the Coast Artillery Corps 
U.S. A., in his recent report to the Secretary of War, 
has this to say of the corps method of training its men 
in the operation of the electric power plant: 

The War Department some years back provided courses 
of instruction for officers and enlisted men at the Coast 
Artillery School at Fort Monroe, Va., that had for their 
object precisely the training of selected officers and en- 
listed men for these technical duties. 

Accordingly there are among the commissioned per. 
sonnel of the coast-artillery officers who are designated a: 
“artillery engineers,” and among the enlisted personne! 
noncommissioned staff officers with the grades of “‘en- 
gineer,” “fireman,” “master electrician,” “electrician ser- 
geant” (first and second class) and “master gunner,” 
whose duties relate particularly to the care, preservation 
and maintenance of the electrical and mechanical equip- 
ment in condition of thorough serviceability. 

Based on the estimates of the National Coast Defense 
Board, the percentages of completion of electrical in- 
stallations necessary for full protection of home ports 
are: Search-lamps, 41 per cent.; power plants, 50 per 
cent., and submarine mines and structures, 81 per cent. 

The power plant at Fort Monroe is operated entirely by 
enlisted men of the Coast Artillery Corps under the 
supervision of the head of this department of the school. 

The results obtained in the operation of this plant 
have been very satisfactory, an average daily power 
and lighting output of 1200 kw.-hr. for the 12 months 
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ended Feb. 29, 1912, having been produced at a cost per 
kilowatt-hour at the switchboard of 3.38c., including 
all supplies, repairs, labor and depreciation, or of 1.19c., 
excluding labor and depreciation costs. 

It is estimated that the installation of this plant and 
its present use for post lighting, pumping, fortification, 
school and heating purposes has resulted in a decrease 
in the total annual maintenance cost of the school and 
post of Fort Monroe of approximately $25,000; or, mak- 
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ing allowance for labor of all enlisted personnel involved 
and for depreciation cost of plant, is an annual net coim- 
mercial saving of over $13,000. 

It is indicative of the high opinion held of this pJant 
in commercial circles that some of the most prominent 
manufacturers of engineering apparatus in the United 
States have cited it as exemplifying in a noteworthy man- 
ner the efficiency that can be obtained with isolated plants 
of comparatively small capacity. 


The Examiners Examined 


The position of chief of the boiler-inspection depart- 
ment of Massachusetts, which department has also charge 
of the examination and licensing of engineers, became 
vacant in July of last year and in October a civil-service 
examination open to members of the department was 
held. Only seven of the nineteen examiners took the ex- 
amination and only three of these obtained the 65 per 
cent. necessary to qualify. 

The following list of questions is sent to us as those 
asked upon this occasion. They do not seem to over- 
weigh in difficulty those which the examiners are in the 
habit of asking, as evidenced by questions said to have 
been asked by them and sent to us for solution. 

Civil Service Examination 
held Oct. 14, 15, 1912, for 
Acting Chief Inspector of Boilers. 
Commonwealth of Massachusetts. 

Mathematics: (Given weight of 3 in 15) 

9 practical problems, including one to be solved 
by logarithms. 

Spelling: (Given weight of 1 in 15) 

20 words selected from the Boiler Inspection Law. 

Letter: (Given weight of 2 in 15) 

To consist of 300 words written on a choice of 
three subjects, namely—What are the prime 
requisites of a first-class engineer? Why did 
you select engineering as a life work? Which 
is the most important qualification in an en- 

; gineer; mechanical ability or good morals? 

Penmanship, including copying: (Given weight of 

1 in 15) 

Copy a section of law. 

Practical and Technical Examination : 

of 8 in 15) 

Consisting of the following 36 questions: 

1. Sketch all the essential parts of a compound-spring 
steam gage, registering both pressure and vacuum. 

2. How many B.t.u. are required to change one pound 
of ice at zero F. to steam at atmospheric pressure ? 

3. What is meant by absolute zero of temperature, and 
how many degrees below zero on the Fahrenheit scale is 
it ? 

4. Show by figures what height a column of water 
will be balanced by a pressure of 14.7 Ib. 

5. The low-pressure cylinder of a cross-compound en- 
gine is doing more work than the high pressure. State 
fully how you would divide the work evenly between the 
two cylinders. 

6. Do these indicator diagrams (representing one dia- 
gram taken from each end of the cylinder of a steam en- 
gine without taking the paper from the indicator drum) 
show that at any time during the stroke the resistance 


(Given weight 


to the piston’s forward motion is greater than the effort 
tending to move it forward? If so, indicate the point 
where this is so and show by figures approximately how 
much the resistance exceeds the effort and also state fully 
why the engine does not stop at or near the point you 
have indicated. Use pair of ordinary slow-speed four- 
valve cards. 

%. The temperature of steam supplied to an engine is 
531.169 F. and the temperature of the exhaust is 219.452 
F. What is the thermal efficiency of the engine? 

8. If a condenser is added to the above engine so 
that the temperature of the exhaust is lowered to 153.122 
F., what will be the increase in thermal per cent. ? 

9. As the difference in temperature of the steam on 
entering and leaving the cylinder of a steam engine is 
increased, what source of waste is greatly increased, and 
how can this waste be partially avoided ? 

10. A vacuum gage on the condenser of a steam en- 
gine shows a reading of 27 in.; what is the absolute pres- 
sure in pounds per square inch in the condenser? Barom- 
eter reads 30 in. 

11. What is the most accurate way of ascertaining 
the steam consumption of a steam engine per indicated 
horsepower, and how may the steam accounted for by 
the indicator be obtained from the indicator diagram? 
What is the value of such a determination ? 

12. Name the various places where an indicator may 
be advantageously attached and state what information 
you would expect to obtain from cards taken from the 
places you have named. 

13. What does the term “slip” mean as applied to a 
pump? With a pump in good working order, about what 
per cent. of the capacity of the pump does the slip amount 
to? 

14. What does the term “pump duty” mean? Give 
an example. 

15. How would you determine how large a feed pump 
would be required to feed the boilers of a given plant? 

16. In feeding a boiler with an injector against its 
own steam pressure, where does the power come from, 
and could the same injector be used to feed a second 
boiler carrying steam at a higher pressure? 

1%. How would you calculate the size of a steam main 
needed for a battery of boilers using 10,000 Ib. of soft 
coal per hour. The highest pressure carried is 150 |b. 
«bsolute and the lowest 100 Ib. absolute. The specific 
volume to be taken as 3.1 and 4.4 respectively. 

18. An horizontal tubular boiler with 30.27 ft. of 
grate is under forced draft and 50 Ib. coal per sq.ft. 
grate per hour is burned. The boiler works at 150 !b. 
absolute pressure. Determine size of required salcty 
valve. 
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19. Show the best method of staying the lower part 
of the rear sheet in a cylindrical multitubular boiler, hav- 
ing a manhole in the front head. 

20. A plain slide-valve engine has %4-in. outside lap 
on the valve and 14-in. exhaust lap. Suppose one-half to 
be taken off inside lap at each end. What changes will 
take place in the events of the stroke? Explain by cards. 

21. What tests are necessary to determine the suit- 
ableness of steel plates of steam boilers? State in full 
as to the proper requirements, physical and chemical. 

22. What is meant by priming in a boiler? Would 
the temperature of steam at a given pressure vary with 
different degrees of priming? 

23. Steam from a 150-hp. engine using 26 lb. of 
steam per ‘horsepower per hour exhausts into a surface 
condenser at a pressure of 4+ lb. absolute, the tempera- 
ture of the condenser water being 55 F. on entering the 
condenser and 95 F. on leaving the condenser. How 
many pounds of condensing water are required per hour 
for this engine ? 

24. <A surface condenser is to be attached to an en- 
gine capable of developing (condensing) 350 hp. The 
amount of steam per hp. per hour is 19.5 lb. How 
much cooling surface should the condenser have ? 

25. What is the difference between the real and ap- 
parent cutoff of an engine and how is the real cutoff 
found when the apparent cutoff and clearance are known? 
Cive an example. 

26. The indicated horsepower of an engine is 563.74 
and the net horsepower is 484.25. What is the mechani- 
cal efficiency of the engine? 

27. Describe an inside and an outside fusible plug, 
and state why the distinction is made and where each 
should be used. 

28. Why is it difficult to lift hot water on a long lift 
with an injector? 

29. Why are two wristplates used on the low-pres- 
sure cylinder of a compound- or triple-expansion Corliss 
engine ? 

30. What do you understand by a “balanced valve” 
in a steam engine? Name some balanced valves. 

31. When is steam said to be saturated and when 
superheated ? 

32. Design and calculate a double-riveted butt joint, 
furnishing your own data. 

33. If a pop valve of a boiler is set at 100 lb. and 
the same fails to blow when the gage indicates 110 Ib., 
what would be the first step to ascertain the reason for 
its failure to blow at 100 Ib. 

34. Suppose two boilers of the same dimensions with 
equal grate area, one carrying 100 lb., the other 160 
|b. Which requires the largest safety valve? Why? 

35. State the possible advantages and disadvantages 
ef the so called “high lift” spring safety valve as com- 
pared with the ordinary lift valve. 

36. State in full how you would proceed with an in- 
vestigation as to the cause of a boiler explosion, when 
there had been serious damage to property or loss of life. 


oe 


F. T. Monorail System 


_The F. T. (fixed tongue) monorail system consists of a 
single I-rail with the wheels of the trolley running on 
‘the lower flanges of the rail. The main feature is the 
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means of switching from one track to another without 
the operator leaving the cab. 

On approaching a track switch at which the operator 
desires to run from the main to the spur track, a steering 
lever on the trolley near the controller is pulled. This 
raises a horizontal roller to a position in which it engages 


Fie. 1. UNLoapine A Coat Car 
a curved rib on the underside of the central switch tongue 
and swivels the leading track, thereby diverting the 
trolley onto the spur track. 


Fie. 2. DumMpIne Into THE StToKER Hopper 


The system is suitable for power-plant work in unload- 
ing coal from cars, as shown in Fig. 1, and for dumping 
it into the stoker hoppers, as shown in Fig. 2, where a 
load has just been dumped. 

This system is made by the Shaw Electric Crane Co., 
Muskegon, Mich., and handled by Manning, Maxwel! & 
Moore Co., 85 to 89 Liberty St., New York City. 
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Anthracite Coal Sizes—Actual 


BUCKWHEAT 


N24- BUCKWHEAT or CULM 


N° 2- BUCKWHEAT or RI 


Power 


GE 


Standards for anthracite-coal sizes as 
recommended by the American Society of 
Mechanical Engineers and printed in the So- 
ciety’s Journal, November, 1912. 


Screen or Opening (Circular) 
Through or Over Which Coal 


Will Pass, Inches 
ame Through Over 
No. 1 buckwheat..... is 
No. 2 buckwheat... . is 
No. 3 buckwheat.... i 3 
No. 4 buckwheat or culm...... % 


The sizes specified by the New York City 
Department of Water Supply, Gas and Elec- 
tricity are practically the same as the above 
except for pea coal, which is specified as coal 
which will pass through 34-in. and over '%- 
in. openings. 
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Load Curves from Ideal Corliss Engines 


On a recent visit to the shops of A. L. Ide & Sons, at 
Springfield, Il., the editor found one of their new four- 
valve engines upon the testing floor, and was shown the 
very complete arrangements and apparatus which they 
have for determining the consumption of their engines. A 
request for some of their test results has brought the ac- 
companying curves, which are full of interest, showing 
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the low consumption attained by the use of superheat and 
the sustained efficiency of the engine through a wide range 
of load. 

The engine is of the high-speed, four-valve type and 
was described in Power of July 2, on page 35. The tests 
from which the curves reproduced herewith were plotted, 
were made upon a 16x22-in. engine running at 200 r.p.m. 
exhausting into the atmosphere. The first test was made 
on Mar. 26 of this year with dry-saturated steam of 124- 
lb. gage at the throttle. The minimum consumption is 
21.7 lb. at 200 hp., or 831% per cent. of the full load. 


Indicated Horsepower 


3 40 60 80 100 120 140 160 180 200 220 240 260 280 300320 340 369 
000 
3 
2.30} 6,000.0 
i 
26 | 4,000% 
B24 3,000 
b= 
8 | | ] 5 
25 50 15 100 2 
5 Per Cent. Loadon Engine 
& 27.2 22.2 20.8 20.8 21.8 
Pounds of Steam per Horse powerhour PowER 


CURVES FROM SEconp Test. Dry-SATURATED STEAM. 
150 LB. 


The total amounts of steam required at various loads 
are as follows: 
Load per cent. 


Steam lb. Total steam lb. 


of rating Load hp. per hp.-hr. per hour 
25 60 x 30 = 1800 
50 120 x 23.4 = 2808 
75 180 x 21.8 = 3924 
100 240 x 22.0 = 5280 
125 300 x 23.6 = 7080 


_ lf these values be set off upon the ordinates correspond- 
ing to the respective loads to the scale at the right, and 


the points connected, the Willan’s line, or line of total 
steam consumption, will be produced. This line runs 
straight up to about the point of least steam consumption 
per horsepower but rises as the efficiency falls off with 
the overload. The best result, 21.7 lb. per i.hp.-hr., corre- 
sponds with a Rankine efficiency of 71.8 per cent. and 
a thermal efficiency, charging the engine with heat above 
that which it could furnish to the feed water, of 11.6 per 
cent. 

The test from which the second curve was plotted was 
made upon the same engine on May 7 under the same 
conditions except that the steam pressure was 150-lb. 
gage, 25 lb. higher than in the test just considered. With 
this pressure the rated capacity of the engine is 275 hp., 
and its steam consumption at various loads was as fol- 
lows: 

Load per cent. 


Steam lb. Total steam lb. 


of rating Load hp. per hp.-hr. per hr. 
25 68.75 1 4 27.2 = 1870 

50 137.5 x 22.2 = 3052 
75 206.25 x 20.8 = 4290 
100 275 x 20.8 = 5720 
125 343.75 x 21.8 = 7494 


The Willan’s line has the same characteristics as be- 
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fore. The best steam consumption is 20.7 lb. at about 
240 hp. or 87.3 per cent. of the rated load. This is a 
Rankine efficiency of 70.17 per cent. and a thermal effi- 
ciency of 12.11 per cent. 

The test from which the third curve was plotted was 
made with steam of 125 lb. pressure with superheat vary- 
ing from 74 deg. F. at one-quarter load to 133 deg. at 25 
per cent. overload. The lowest steam rate was 18.3 lb. 
per hp.-hr., at about 190 hp. This represents a Rankine 
efficiency of 78.7 per cent. and a thermal efficiency of 13 
per cent. The curve of the test with saturated steam at 
the same pressure is indicated upon this chart by a dotted 
line. 

ae 

One of the largest dams in Europe was officially put in 
service on Nov. 16 in the presence of the German Emperor. 
The dam spans the Bober valley in the Prussian part of 
Silesia and forms with the dam at Marklissa the backbone 
of the high-water protection project planned in 1900. It is 
920 ft. long at the crest and 460 ft. at the base, 200 ft. high 
on an average, 24% ft. thick at the crest and 164 ft. at the 
base. Cyclopean masonry amounting to 332,000 cu.yd. was 
used in the construction. The capacity of the reservoir is 
1,760,000,000 cu.ft. and the area of the surface is 600 acres, 


forming a lake 5% miles long. Together with the necessary 
real estate purchases the cost of the dam was $2,450,000. 
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Motors and Motor Applications—II. 
By A. B. Morrison, Jr. 
V ARIABLE-SPEED INDUCTION Motors 


The great disadvantage of the alternating current as 
compared with the direct current is the inability to ob- 
tain a simple motor which will give constant horsepower 
with variable speed. In general, there are two types of 
variable-speed motors; one is constant horsepower varia- 
able speed, or, to put it another way, a variable-torque 
variable-speed motor; the other type is constant-torque 
variable-speed motor in which the horsepower is propor- 
tional to the speed. There is no alternating-current motor 
in which the first class of speed control can be obtained. 

There are several methods by which the speeds of in- 
duction motors may be varied. These are, briefly: Vary- 
ing the frequency, changing number of poles, varying 
the rotor resistance, using two or more motors connected 
in concatenation and varying the applied voltage. Of 
all these methods, only two are commonly used in ordin- 
ary motor applications; these are: Changing number of 
poles and varying the rotor resistance. The others are 
applicable only in very special cases. 

The speed of an induction motor is equal to 


From this it is evident that the speed can be decreased by 
increasing the number of pairs of poles. This is accom- 
plished by using either one winding with a controller so 
arranged that the connections can be changed to give one- 
half or double the number of poles or, where several speeds 
are required, by using separate windings with a controller 
arranged as described. Usually the squirrel-cage type is 
used for this purpose, because it is necessary then to 
change only the stator connections. A wound rotor can be 
used, but in this case it is necessary to change the rotor 
connections also. Usually multi-speed induction motors are 
designed for full and one-half speed or in some cases, 
for four speeds as 1800, 1200, 900 and 600 r.p.m. The 
last speed range mentioned is not practicable for anything 
but squirrel-cage motors. 

A motor in which the speed is altered by changing the 
number of poles is essentially a constant-torque motor and 
the horsepower is proportional to the speed. At any given 
speed the operation of the motor is stable; that is, it 
will operate at a constant speed dependent on the num- 
ber of poles and independent of the load, barring, of 
course, the slight drop in speed from no load to full load. 
The speed changes occur in steps, however, and not 
gradually; for instance, with the motor operating at a 
synchronous speed of 1800 r.p.m., the next lower speed 
is 1200 r.p.m., and there is no intermediate speed. With 
a wound-rotor motor it would be possible to use a resist- 
ance for getting speed variations between any two fixed 
speeds, but the arrangement would be cumbersome and 
the speed control not suited to many classes of work. 


The disadvantages of the pole-changing method of con- 
trol are the great number of connections required if the 
speed variation is to be greater than 2 to 1, the necessity 
of opening and closing the primary circuit every time the 
speed is changed, and the decreased power factor at the 
lower speed. The efficiency of changeable pole motors 
is approximately the same at all speeds. Also, the maxi- 
mum and starting torques are approximately the same 
as for standard motors of the same size and type. 

By using a wound-rotor motor with a resistance which 
can be adjusted by means of a controller the speed can 
be adjusted below normal. Such a motor gives a con- 
stant torque at any given speed and load; hence the 
horsepower is directly proportional to the speed. The 
speed, however, is very unstable and a slight change in 
load will cause a great change in the former. For certain 
classes of work, such as fans, where the load is constant 
for any given speed this type of motor can be used pro- 
vided efficiency is of no particular importance. Its ac- 
tion is very similar to that of a direct-current shunt motor 
with a resistance in series with the armature. The effi- 
ciency at any speed below normal is low because the 
motor draws full load current from the line and the cur- 
rent not needed actually to perform the work is -dissi- 
pated as heat in the resistance. Furthermore, the resist- 
ance is bulky and occupies considerable space. Where 
it is necessary to run the motor for short periods only at 
reduced speeds as for crane or similar work, this type of 
motor is very satisfactory. Its greatest application is for 
hoists of various sorts. 

SYNCHRONOUS Morors 


Aside from the induction motor the only other type of 
alternating-current multiphase motor much used in gen- 
eral work is the synchronous motor. This is used, how- 
ever, only in large sizes and for special applications. Its 
starting torque is low, but in large sizes and slow speeds 
particularly it possesses marked advantages over the in- 
duction motor, because of its corrective effect on a lagging 
power factor. 

The synchronous motor is practically a revolving field 
alternator operating as a motor. It can be started by 
means of a starting compensator, the same as a squirrel- 
cage induction motor, or by means of a small induction 
motor. In the latter case the synchronous motor is 
brought above speed, the induction motor is cut out, and 
the synchronous motor is allowed to drop in speed until 
in synchronism with the line when the switch is closed. 
By over-exciting the fields a leading current can be ob- 
tained and this leading current helps to compensate for 
the lagging current present when induction’ motors are 
operated. 

When supplied with some type of damping device a 
synchronous motor will have a starting torque, when 
started by means of suitable starting compensator, of 
from 20 to 40 per cent. of full load torque and a “pull 
in” torque (torque at the moment the machine reaches 
synchronism) of 15 to 35 per cent. The maximum torque 
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is about twice the full load torque. Due to the diffi- 
culty of starting without drawing excessive current from 
the line the synchronous motor should be used only where 
it has to be started and stopped infrequently. If the 
starting torque is heavy, the motor should be connected 
to the shafting by a clutch. It should also be remem- 
bered that a synchronous motor does not indicate being 
overloaded by slowing down, but if loaded beyond its 
maximum capacity it stops suddenly. Also, its speed at 
any load is constant, dependent only on line frequency. 


SINGLE-PHASE Morons 


The use of single-phase motors is confined, for the most 
part, to sizes below 10 hp. There are several reasons for 
this. While there are several forms of single-phase motors 
vn the market, for present purposes, they can be divided 
into two general classes, induction and compensated re- 
pulsion. 

The induction single-phase motor is very similar, in 
appearance, to the ordinary multiphase-induction motor. 
They differ in their method of starting, but when once up 
to speed their action is the same. The stator winding is 
very similar to that of a three-phase induction motor and 
the rotor is usually of the squirrel-cage type or a modifica- 
tion of this, although it may be of the wound-rotor type. 

Single-phase induction motors possess no starting 
torque. To bring them up to speed two general methods 
are used; namely, phase splitting and repulsion starting. 
In the former method two windings are used in the stator 
of the motor; one of these is the working winding, the 
other the starting winding. These are supplied from the 
single-phase source and the current in the starting wind- 
ing is caused to lag behind that in the working winding 
by means of reactance. This sets up an imperfect rotat- 
ing field, which is sufficient to bring the motor up to 
speed under light load, after which the starting winding 
is usually cut out. There are several different ways in 
which this “phase splitting” is accomplished. In some 
cases an external starting box is employed to secure the 
necessary phase difference in the current, in others the 
reactance is part of the secondary winding itself. 

Where a single-phase induction motor is started by the 
“repulsion” method the rotor is similar to the armature 
of a direct-current motor, being provided with form 
wound coils and a commutator. There are two sets of 
brushes, bearing on the commutator, these sets being 
short-circuited upon each other. The stator is supplied 
with single-phase current, and there is no electrical con- 
nection between the stator and the rotor. The currents in 
the stator set up a flux which reacts on the rotor, repelling 
the successive coils and thereby causing rotary motion. 
When the motor approaches synchronous speed a centrifu- 
gal device of some description short-circuits the com- 
mutator bars and lifts the brushes, transforming the 
motor into the induction type with practically a squirrel- 
cage rotor. 

The single-phase induction motor, with phase splitting 
starting device, is suitable for machines in which the 
starting torque is not over 150 per cent. of full load 
torque. Almost invariably some type of clutch is used 
which allows the motor to attain nearly synchronous speed 
hefore picking up the load. The starting current with 
150 per cent. of full load torque is approximately 250 per 
cent. of full load current, and the maximum torque is 
from 150 to 200 per cent. of the full load torque. The 
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speed regulation from no load to full load is good, being 
better than in the multiphase motor. In general, how- 
ever, the efficiency, power factor and maximum torque are 
not as good as in corresponding multiphase motors. They 
are suited only for driving machinery where the starting 
torque required is light. 

The single-phase induction motor with the repulsion 
method of starting has a starting torque of from 2 to 24% 
times full load torque, with 2 to 24% times full load cur- 
rent. 

The second general type of single-phase motor men- 
tioned is the compensated repulsion motor, in which the 
line current passes through the stator and also through 
the rotor by means of two sets of brushes bearing on the 
commutator. There is also a second set of brushes set at 
an angle to the first which are short-circuited on them- 
selves. This motor differs from the straight repulsion 
type in that it contains two additional sets of brushes and 
the stator and rotor are in electrical contact. 

The compensated repulsion motor has a starting torque 
of 2% to 3 times full load torque with approximately 
twice full load current, and the maximum torque is from 
3 to 31% times full load torque. The power factor is very 
high at all loads, but the efficiency is lower than in the 
induction motor. This type of motor is well adapted for 
loads where heavy starting torque is required with sud- 
den overloads. It has the disadvantages of having a com- 
mutator and is somewhat more noisy than the induction 
motor after the latter is up to speed. 

If a variable-speed single-phase motor is required, some 
form of compensated repulsion motor is generally used. 
The behavior of the motor is very similar to that of the 
variable-speed wound-rotor multiphase-induction motor 
with resistance in series with the rotor. It is conse- 
quently, owing to its unstable speed characteristics, suited 
only to such applications as require a steady horsepower 
at given speeds. Its characteristics as regards starting 
torque, ete., are unchanged when used for variable speeds. 
rhe resistance is inserted in series with the brushes which 
are normally short-circuited and the insertion of addi- 
tional resistance decreases the speed. By the insertion of 
resistance in series with the brushes carrying the line cur- 
rent it is also possible to raise the speed of the motor 
slightly above synchronism. 

| Direct-current motors will be considered in a future 
article.—-Eprror. | 
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Experience in Substation Wiring 
By Thomas G. THUrsTon 


Three large 60-cycle transformers were installed to take 
the place of four motor-generators in a substation which 
the writer was operating. Up to the time of installation 
only 25-cycle current had been generated, mostly for ro- 
tary converter substations, current for 60-cycle, 4000-volt 
distribution for the outlying districts being furnished by 
motor-generator sets each consisting of a 25-cycle syn- 
chronous motor direct connected to a 60-cycle, 4150-volt 
generator. As the 60-cycle system had grown to such pro- 
portions as to warrant the installation of a separate gen- 
erating and transmission system, transformers were in- 
stalled in the substations and the motor generators were 
used for emergency and peak-load service. 

Shutting down the motor generators rendered the run- 
ning of the exciters for field excitation unnecessary and 
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the highest voltage exciter was taken out and sent to an- 
other substation. 

All the high-tension switches were remote controlled, 
solenoid- or motor-operated by direct current supplied 
from the operating busbars which also supplied current 
for the signal lights, overload relays, etc. These busbars 
was connected to the exciter busbars when the exciters 
were running and in case of emergency could be thrown 
onto a 60-cell, 100-amp.-hr. storage battery. The switch- 
hoard lights were connected the same way. 

When the exciters were shut down the first problem was 
to furnish a source of supply for the switchboard and 
pilot lights. Of course, they could have been carried on 
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the battery, but this was not advisable for several rea- 
sons, chief among which was the frequent charging of the 
battery, thus made necessary. This would have required 
running a 75-kw. exciter under practically no load for sev- 
eral hours every day, added to this was the increased 
maintenance and depreciation and risk of the battery be- 
ing out of service in an emergency. 

The operating busbars, of course, had to be supplied 
from the battery which was the only source of direct cur- 
rent, but this was comparatively insignificant as compared 
to the current required for the switchboard and signal 
lights. The original connections are shown in Fig. 1. 

After the change a 10-kw., 2200- to 110-volt trans- 
former was connected as shown in Fig. 2 to supply cur- 
rent for the lights when the exciters were shut down. A 
third wire A was run parallel to the operating busbars. 
The positive connections of the signal lights R and G@ and 
the top clips of the switch C for the switchboard lights 
were disconnected from the operating and exciter bus- 
bars respectively and connected to this third wire. The 
negative top clip of the switch @ was disconnected from 
the exciter busbar and connected to the negative operating 
busbar. 

The lower clips of the switch B were connected to the 
transformer, the top right-hand clip to the positive op- 
erating busbar, and the switch blades to the third wire A 
and the negative operating busbar. By throwing switch 
B down and switch C up the signal lights and the switch- 
hoard lights were connected to the transformer. When 
switch B was thrown up they were carried on the operat- 
ing busbars. This was generally done when the exciters 
were running and the operating busbars were fed through 
the exciter busbars through switches J and L. 
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The next problem was to provide some means of charg- 
ing the battery. The high-voltage exciter had been use| 
for this purpose and when it was taken out we were wun- 
able to charge the battery with all cells in series by means 
of any of the remaining exciters. To overcome this diffi- 
culty the battery was cut in two and connected to a double- 
pole, double-throw switch #, as shown. In charging, the 
switch # is down and when in service it is up. Throwing 
the switch down connects the two sections of the battery 
in parallel, requiring a little over half the normal voltage 
of the battery to charge it. Throwing the switch up con- 
nects the two sections in series. 

Everything went along nicely until one night the trans- 
mission line to the substation broke down and the room 
was suddenly thrown into darkness. After some groping an 
attendant finally located the switch for the switchboard 
lights and threw it onto the battery circuit. To prevent 
a recurrence of this trouble a 2-cp. lamp was connected 
across the battery terminals, as shown at D, Fig. 2. This 
was screwed in when darkness came on and out at day- 
light. 

A surprising complication appeared when the signal 
fights were carried on the transformer. Referring to Fig. 
2, R and G are respectively red and green lights, red in- 
dicating the switch S closed and green open, // and / 
being the opening and closing coils of the solenoid-op- 
erated switch S; / is the operating switch. Everything 
was normal until /” was closed, when the lights woul 
both burn and the one that should have been out would 
burn with about double its normal brilliancy. For il- 
lustration, suppose it was desired to close the switch 8, 
it being indicated in the open position. The switch /’ 
would be closed up. Immediately the light G would double 
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Fra, 2. CONNECTIONS AFTER INSTALLING TRANSFORMER 
its brillianey; when S would operate and close, 2 would 
light as it should, but G would remain, showing with 
double brilliancy when it should have been out, until /’ 
was opened when it would go out. If F was closed dowii 
with S in the position indicated the red light would ap- 
pear with double brilliancy and @ show normal. This 
held good in either position of SN, closing / either way 
would show both lights and the one that should be out, 
with double brilliancy; testing across the switch /’ from 
the blade to either clip showed approximately 170 volts; 
the transformer voltage was 110, the battery 120. Where 
did the excess voltage come from and why did the twe 
lights burn? 
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GAS POWER DEPARTMENT 


Gas Engine Jacket Circulating 


Systems 
By A. C. WrILson 


Systems of jacket-water circulation fall into three 
general classes: gravity, pump and thermo-siphon. The 
term used in each case to describe the system refers to 
the force which causes the flow. 

If there is a natural head of water available and the 
quantity is such that it is not necessary to economize, a 
very simple system may be employed. An inlet pipe is 
led to the bottom of the jacket and an outlet from the 


FIG. | 


top which is carried to the nearest available drain. A 
regulating cock is required which should be placed on 
the outlet pipe and it is important that the outflow be 
visible, partly so that the temperature may be noted 
easily, but principally so that the jacket cannot run dry 
from any cause without the fact being observed. Fig. 1 
shows such a system where a is the inlet pipe, ) the out- 
let, © a stop or regulating cock, and d a tundish into 
which delivers. 

Circulating systems in which a pump is used may be 
arranged in a variety of ways; the principal thing to look 
after is provision for the circulation being maintained 
or, at any rate, not being altogether stopped should the 
pump fail. 


A 
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Assuming the source of supply to be a large overhead 
lank, a gravity system may be installed, as Fig. 1, with 
the addition of a pump to return the water to the tank. 
In the event of the pump failing there would still he 
several hours’ supply available in the tank until the 
Pump has been repaired. 

In Fig. 2 the source of supply is at a lower level than 


the engine and a pump is used to pump the water directly 
through the jacket. This arrangement is faulty because 
in the event of anything happening to the pump the cir- 
culation is at once stopped. A better arrangement here 
would be to fit an overhead tank and pump the water 
direct to the tank, allowing it to flow by gravity through 
the jacket. 

Hard or sedimentary water causes trouble in circulat- 
ing systems, especially where fresh water is: being con- 
tinually used, as it chokes the pipe connections and puts 
down scale on the liner. If there is plenty of water 


‘available, however, the jacket can generally be kept be- 


low the temperature at which the lime salts are deposited, 
although there will always be a certain amount of scale. 
To keep the outer surface of the liner at too low a tem- 
perature’ introduces other troubles, such as a cracked 
liner or seizing of the piston, 

In towns, where the cost of water would be a consider- 
able item if run to waste continuously, cooling tanks are 
commonly used and unless there is some special reason 
for using a pump, a natural circulation is obtained, due 
to the difference in density between the hot water leav- 
ing the jacket and the relatively cold water entering it; 
this arrangement is sometimes called a thermo-siphon. 
As the driving force is that due to the difference in 
weight of two columns of water the tanks must be placed 
well above the cylinder or only a very small force can 
be obtained and in consequence the circulation will be 
slow. 

Tank circulation has several advantages over any other 
system, among which may be mentioned : 

Economy in water. 

No power required for pumps. 

Circulation automatic and not liable to be stopped by 
failure of a pump. 

The same water being used over and over again, there 
is less deposit put down if the supply originally contains 
much lime. 
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The number and size of tanks necessary to cool the 
water depends on their location. Because of the risk of 
freezing it is not usual to place the tanks outside, but 
they should be in such a position as to get a good cur- 
rent of air about them. About 30 gal. per horsepower 
is usually sufficient if the tanks are arranged in such a 
way as to insure proper circulation. 
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Figs. 3, 4, 5 and 6 show different methods of connecting 
circulating tanks which the writer has met with. Figs. 
3 and 4 are quite satisfactory as no short-circuiting is 
possible with either of these arrangements. In Fig. 5 the 
pockets have been omitted and in consequence water will 
short-circuit tanks A and B, and in Fig. 6, where both the 
flow and return are connected to the center tank, most 
of the water in circulation would never find its way into 
the side tanks at all. 

If the water level is allowed to fall below the mouth 
of the return pipe, circulation is stopped and it is a wise 


— 
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FIG. 7 


FIG. 8 


precaution to connect the makeup supply through a ball 
tap, although many people rely on the attendant watch- 
ing this and filling the tank with a bucket from time to 
time as required. 

Should the tanks become too hot, it is the practice of 
some engineers to open a waste tap in the flow pipe or 
jacket and let a little water run continually to waste, the 
ball tap making up the deficiency. This, however, is a 
doubtful expedient, as it may very easily stop the cir- 
culation of the water altogether or perhaps reverse its 
direction. 

When circulating in the usual way the water does not 
stand at the same level in each tank, being highest in 
tank A, and lowest in tank C. If the ball tap is con- 
tinually running the level in tank ( is raised, and the 
circulation in consequence may be stopped, or if the flow 
from the ball tap is sufficient it may be reversed. If the 
circulation is reversed the jacket will get the water which 
is flowing from the ball tap and the system becomes a 
simple gravity system, but if the level in tank 3 is not 
raised sufficiently to reverse the circulation, it is quite 
possible for the jacket to be overheated while cold water 
runs in at a and out at the bottom of the system from the 
drain tap b, Fig. 7. 

Sometimes a pump is placed in the flow pipe, as in 
Fig. 8, to assist the circulation, but when this is done the 
capacity of the pump must be carefully regulated to 
suit the rate of flow between the tanks. 
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Governor Valves for Gasoline Engines 
By 


The practice of using butterfly valves, actuated by 
some sort of automatic mechanism still continues to quite 
an extent with gasoline engines wherein the speed is au- 
tomatically governed by throttling the mixture. 

Just why this style of valve is still used for this service 
the writer is unable to say, for when its efficiency is com- 
pared to that of the twin-piston valve, Fig. 1, it is plain 
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that the butterfly valve requires a much greater throw o! 
the operating rod in order to effect the same opening o» 
closure. 

To make this point clear compare a 2-in. butterfl\ 
valve with a twin-piston valve of the same diameter, eac!: 
being connected to a 2-in. supply pipe and actuated by 
the same type of controlling mechanism. A twin-pisto. 
valve 2 in. in diameter has a circumference of a little 
more than 6 in.; therefore each piston commands a port 
6 in. long, making a total port length of approximately 
12 in. Both ports openings at the same time, it would 
require the valve to be moved only 14 in. from the closed 
position to produce an opening equal to that of the 2-in. 
supply pipe. 

Now consider the opening produced by a butterfly 
valve (F’, Fig. 2), 2 in. in diameter and actuated by a 
crank arm 1 in. long. A 14-in. throw at the end of the 
crank arm by the governor rod will move the wings of 
this valve 14 in. at two points of its circumference only, 
and this movement will be mostly lengthwise of the pipe; 
whereas, to effect opening, it should be in a direction 
crosswise of the pipe. 

Of course, when the valve has been turned on its axis 
to an angle of 90 deg. from the closed position, the move- 
ment at the point of the wings will then be crosswise of 
the pipe; but the crank arm will have to move through 
the same angle, which would require a movement from 
the operating rod of about 13% in., or, over five times that 


Fic. 2. BurreRFLY 
VALVE 


Fig. 1. Twin Piston 
VALVE 


for the twin-piston valve. The opening then would not 
be fully equal to that of the pipe, as the thickness of the 
valve occupies a small portion of the space. 

Furthermore, the most usual position of the butterfly- 
valve operation is at, or in the neighborhood of, 45 deg. 
from the full open or closed position, as shown in Fig. 
2, position 3. From this the closing and opening ef- 
fect produced by a given movement of the operating rod 
is much less than that produced with the twin-piston 
valve. 

The twin-piston valve is balanced; the butterfly valve 
is not, and as a result, even in gasoline-engine service, 
where the pressures controlled never exceed 15 Ib. (at- 
mospheric pressure) it will naturally resist movement 
slightly more than the twin-piston type—a matter o! 
significance when it is considered that the valve is move: 
by a force produced by disturbing the balance of two 
equal opposing forces. 
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HEATING AND 


Downward Ventilation in a Rockford 
School* 


With a view to reducing the excessive heat losses fre- 
quently found in hot-blast heating and ventilation and 
to attain a temperature practically uniform in all parts 
of the room with a noticeable absence of drafts, Clinton 
kk. Beery recently installed a system for the Hall School 
Building, Rockford, Ill., differing in its principles of 
operation from the usual hot-blast system. 

To control the temperature of the air at the ceiling a 
coil consisting of three 114-in. pipes suspended 20 in. 


Fig. 1. ONE OF THE 
AND CEILING COILS 


tooms EquipreD witH DIFFUSERS 


below the ceiling, was extended entirely around each 
room approximately 5 ft. from the exposed walls and 6 
ft. from the inside walls. At a point just below the level 
of the coils fresh air is introduced into the room through 
a specially constructed diffuser which breaks the cur- 
rent and directs the air in all directions over the breath- 
ing zone: The foul-air exits are at the floor line in the 
feur corners of the room. On arriving at the breathing 
zone, static pressure forces the air out of the 
room at the floor line, producing a movement of air 
downward at a velocity of approximately 2 ft. per min., 
with no appreciable evidence of lateral drafts or air cur- 
tents. This condition is not disturbed until below the 
top of the exits, and even then there is no noticeable 
«r movement over the floor, due to the comparatively 
small exits drawing on a iarge volume. Each vent screen 
in this particular installation contains 1.1. sq.ft. clear 
vrea, Which equals 4.4 sq.ft. for each room, the cubic 
contents of the room approximating 10,800 cu.ft. 

During January of 1912, room No. 3 was fitted up for 
«perimental work to demonstrate the system. This room 
“as in the northwest corner of the first floor, and conse- 
quently was the coldest room in the building. Room No. 


i *Abstract of paper read before the American Society of 
‘ating and Ventilating Engineers. 
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8 on the second floor, directly above, was an exact dupli- 
cate in size, and results obtained in the two rooms were 
used as a basis of comparison. Each room is 26x31 ft. 
with the ceiling 13 ft. 6 in. high. Each has a 100 sq.ft. 
of glass exposure facing the west and 50 sq.ft. of glass 


TABLE I.—MAXIMUM AND MINIMUM OF ROOM TEMPERATURES 
DURING TESTS 


Northeast Northwest Southeast Southwest 
Room Corner Corner Corner Corner 
3 70-67 71-70 70-68 69-67 
8 83-SO 70-68 69-66 69-64 


TABLE 2—TEMPERATURE OF ENTERING AIR DURING TEST 


5 6 7 8 9 10 11 12 
Room No. 3..... . 44 73° 70.5 73 70 71 73 7O 73 69 
Room No. 8......... 68 76 109 76 98 72 80 94 68 97 G65 83 


TABLE 3—TIME RECORDS ON HEATING ROOM TO 68 DEG. F. 


Initial Rise, Time Time 
Temp., deg. F Deg. a.m. Required 
Room No. 3... , 38 30 8:50 1 hr. 20 min. 
Room No. 8........ 42 26 9:25 1 hr. 55 min. 


exposure facing the north. During the month a com- 
parative test of temperatures was made in the two rooms. 
toom No. 8 was supplied with 60 sq.ft. of wall radiation 
in the northwest corner. The air delivery to each room 
was 1544 to 1560 cu.ft. per min., measured at the exits. 
‘I'welve temperature readings were taken at 5-min, in- 
tervals, in each corner of both rooms, and also twelve 
readings of the temperature of the entering air. The out- 


Fie. 2. Suowing Unxivorm Downwarp DIstriputTion 
DURING STEAM ‘TEST 
side temperature at the time of the first reading was 2 


deg. below zero, and at the time of the last reading, 3 
deg. below zero. An extremely cold west wind estimated 


The maximum 
and minimum of the tweive corner readings are given in 
Table 1, and the temperature of the entering air for the 
twelve readings in Table 2. 

The relative humidity readings in room No. 3 showed 
63 per cent., and in room No. 8, 54 per cent. Observa- 
tions of the relative time required to heat the rooms to 
68 deg. F. were taken with the heat turned on at 7:30 


at 18 to 20 miles per hour was blowing. 
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a.m. Table 3, giving the results, shows a margin of 35 
min. in favor of room No. 3. 

No difficulty was encountered in operating room No. 
3 with the same apparatus while meeting the require- 
ments of the remainder of the building. With the en- 
couraging results obtained, the Hall School was equipped 
throughout during the summer of 1912 with the new 
method and has been in operation since Sept. 1. The 
building is of brick, with wood floor construction, two 
stories in height, with basement. It contains five regular 
school rooms on each of the two floors, with wardrebes, 
recitation rooms, principal’s office and corridors. The 
contents above the basement comprise 124,500 cu.ft. The 
mechanical equipment consists of a multivane No. 13 
fan, direct connected to a side-crank engine operating at 
i74 rpm. All radiation and Vento blast coils are op- 
crated on the Webster system of vacuum heating. John- 
son Service temperature regulation with intermediate 
control is used in each room. All galvanized ducts from 
the plenum chamber are of regulation design. 

Table 4 gives the velocity and delivery records of all 


TABLE 4—RECORDS OF VELOCITIES AND DELIVERIES AT 
VARIOUS EXITS 


Northwest Northeast Soutaeast Southwest Total Delivery 
Exi it Exit i 


Room xit Exi Exit Cu.ft. per Min. 
1 270 384 326 400 1518 
2 390 394 396 350 1683 
3 390 400 450 314 1709 
4 332 354 460 446 1751 
5 64 360 334 1529 
6 336 346 345 342 1506 
Xj 352 406 334 350 1586 
8 434 428 448 366 1843 
9 344 328 356 384 1553 

10 412 336 370 282 1590 


exits for ten 1-min. readings taken after the system had 
been put in operation, and following is a summary of 
the observations which have been made since. 

A temperature of 85 deg. at the ceiling has been found 
to be sufficient asa maximum. The temperature through- 
out the breathing zone is controlled within a range of 1 
deg. F. in all parts of the room. Air never enters the 
room above 73 or 74 deg. F. . 

There is no noticeable effect on the conditions of the 
room caused by the glass exposure, but tests showed a 
slightly higher rapidity in downward movement of the 
air several inches in from the glass. 

There is an entire absence of drafts or currents, and 
the cold surface of desks and furniture does not contrast 
against high temperatures of atmosphere surrounding 
them, as is often complained of in other systems. 

During the week of Dec..15, tests were conducted by 
the school authorities to determine the efficiency of the 
system. The temperature was maintained uniformly at 
68 deg. and the humidity at 58 per cent. To demon- 
strate that no cross-currents existed, live steam was in- 
troduced into the room through the diffuser in the venti- 
lating system. The steam distributed equally throughout 
the room and dropped gradually toward the floor like a 
blanket until it reached the level of the exits through 
which it escaped. Another test comprised the suspend- 
ing from wires of a large number of silk threads 36 in. 
long, to which were fastened pieces of tissue paper. The 
absence of any swaying of these pieces of paper showed 
that there were no cross-currents generated by the venti- 
lating system. 

From results already obtained, economy of operation 
is evident, but previous to the time the paper was pre- 
sented, no efforts had been made to determine the com- 
parative saving. Complete data on this point will be 
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available at a later date and it will be interesting to 
learn how the economy of the new system compares with 
the usual type of installation. 


CORRESPONDENCE 


Use of Pitot Tube 
Measurements 


In the Feb. 4 number of Power, Frank L. Busey in 
an article under the above title devotes one paragraph to 
the coefficient by which the velocity or velocity head at 
the center of a duct must be multiplied to give the avy- 
erage velocity or average velocity head over the entire 
cross-section. Several approximate values of the factor 
are given, but the indiscriminate use of a figure as high 
as 0.95 would, in many instances, lead to grave errors 
in fan testing. 

Tests recently conducted on a novel air-heating ap- 
paratus made it necessary to determine this factor with 
considerable precision for .a 1214-in. circular duct. A 
study was made of the data for a 16-in. duct contained in 
Frank H. Kneeland’s paper (referred to by Mr. Busey) 
with the following results: 


in Air 


Av. Vel. 

Type of Average Center Ratio: —————— 

Pitot Tube Velocity Velocity Center Vel. 
U.S. No. 1..... 18,692 19,410 0.963 
19,138 20,710 0.924 
13,924 14,820 0.939 
Gebhardt No. 14,054 15,590 0.901 


Not only were the results discordant as far as establish- 
ing a ratio of velocities was concerned, but there was a 
considerable disagreement between pairs of observations, 
which were taken to represent similar conditions except 
for the type of tube used. Therefore, the criticism of 
Naval Constructor Taylor* in the discussion of Mr. 
Kneeland’s results: “The experimental results given by 
Mr. Kneeland cannot be regarded acceptable to those who 
like myself are firm believers in the accuracy of pitot tube 
methods, provided proper pitot tubes are used” seemed 
none too severe, and a set of experiments was undertaken 


.to establish the ratio, Average velocity —- Center velocity, 


for working conditions. The results of these experiments 
were communicated to the American Society of Naval 
Engineers in November, 1912, in a paper: “The Pitot 
Tube Applied to the Measurement of Air,” and as the 
same may not be available to all interested, a summary is 
given herewith. 

Two standard Taylor pitot tubes were mounted in a 
1214-in. circular duct in such a way as to enable one 
tube to traverse the horizontal diameter and the other 
ic traverse the vertical diameter. These tubes had inde- 
pendent connections to a gage, which was so arranged 
with stop cocks as to permit of registering the velocity 
head from either tube, and the gage was fitted with an 
additional pair of equalizing cocks which could be opened 
to the atmosphere between tests in order to check the 
zero reading of the draft gage. The single divisions on 
the scale of the draft gage were 0.01 in.; and 0.001 in. 
could be estimated closely. Half-inch intervals were 
etched on one of the 4-in. pipes connecting to the pitot 
tube. 


*Transactions, A. S. M. E., Vol. 33, 1911, page 1168. 
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tical traverse are never the same except at the points 
nearest the center and it would be impossible to locate 
the mean point, and, second, the velocity is changing 
rapidly in this region and the greatest care is necessary 
in adjusting the tube to this point even if the first diffi- 


2a = 
| = 
5 
Ni 
V4 
a 3}, | | Plog 
Vv : — 
3 
N 
> \ 
Ql 
Q 


6 5 4 s 2 en) 1 2 3 4 5 6 
Power Inches from Center of Duct 
Fig. 1. VARIATIONS IN VELOCITY AT DIFFERENT POINTS 


ON CROSS-SECTION OF Ducts 


culty could be overcome. The great advantage of the 
single central tube with its proper correction factors is 
brought out by the inspection of the central region of the 
curve, Fig. 1, which shows clearly that for a %4-in. to 
either side of the center the velocity head remains prac- 
tically constant, thereby giving a region in which settings 
of the central tube may readily be made. 
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Water Leaves Boiler 


Referring to Mr. Walling’s inquiry in the Jan. 21 issue 
and the discussion on this subject in the Feb. 18 issue, 
my experience with cast-iron sectional boilers leads 
me to believe that they are subject to a quickly fluctuat- 
ing water level, as the amount of water they contain is 
very small. As soon as steam is being raised, the water 
will drop quickly unless an automatic feeding device is 
employed. But, in Mr. Walling’s case, I think that the 
principal fault lies in the small return pipes. He says 
that he has a single-pipe system. The building is three 
stories high and the main part has 34- and 1-in. return 
pipes, enlarged to 114 in. at the boiler, while the wing 
has a 114-in. return pipe all the way. Now there is 
in all probability one or more radiators on each floor 
from each riser. This means that the 34-in. pipe has 
tc take care of the condensation from at least three 
radiators and perhaps six. Even for three, I believe the 
34-in. pipe is too small. It means that water is taken 
out of the boiler in the form of steam much faster than 
the small return pipes will allow the condensation to 
fiow back to it. The smallest return pipe in his system, 
in my opinion, should be 1144 in. and at least 2 in. at 
the boiler, and even that is not so large as I should pre- 
fer, a 2144-in. pipe would be better. 

As for the hammering, if there are no pockets in his 
horizontal lines and no leaky radiator valves, he will 
probably find that it will disappear if his return pipes 
are enlarged. If he has no automatic feed on his boil- 
ers, | should strongly recommend that they be installed. 
They are inexpensive and easily attached and, if they 
do keep the water level high during the shutdown over 
night, that water cannot do any harm and could always 
be blown down. Of course, if the water is going out 
through the blowoff, he will have to attend to that; but | 
take it that he means that the water is in the system but 
not in the boiler. JI think that if Mr. Walling will put 
in larger return pipes most of his troubles with his sys- 
tem will be over. 

W. H. Pyarr. 

Brooklyn, N. Y. 
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From the plot, Fig. 2, it may be concluded that for 
ducts from 12 to 16 in. in diameter the ratio, Average 
velocity —- Center velocity, will vary as a linear func- 
tion of the center velocity from about 0.93 at 1000 ft. 
per min. to 0.91 at 3500 ft. per min. For smaller ducts 
the coefficients would probably decrease and for larger 
ducts a slightly greater value might be expected. 

Leo Loes, 
U.S. Naval Engineering Experiment Station. 
Annapolis, Md. 


AVERAGE TO CENTER VELOCITIES 


A one-pipe heating system, somewhat resembling the 
one described by Mr. Walling, gave trouble in much the 
same manner. The radiators in the wing of the building 
would get cold and the water leave the boiler. The water 
in the boiler would rise and fall with a surging effect. A 
check valve, opening to the boiler, was placed in the re- 
turn from the radiators in the wing, and after that no 
more trouble was experienced. 

H. G. Gipson 

Washington, D. C. 
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The Conditions in Massachusetts 


Those who are concerned with the procuring and ad- 
ministration of laws for the examination and licensing 
of engineers and the inspection of boilers, will be in- 
terested in the conditions existing in Massachusetts, where 
this sort of legislation has reached its highest develop- 
ment, and the law and practice of which have been ac- 
cepted as models. 

When the law was adopted some eighteen years ago, 
the examiner for whom it provided was made an attaché 
of the Massachusetts district police and the department, 
although it has increased to some twenty-five inspectors 
and examiners, has remained a subdepartment of the state 
police arm, under the authority of the chief of that de- 
partment. He has no knowledge of engineering, and its 
members, supposedly versed in all that pertains to the 
safe construction, installation and use of boilers, engines 
and power-plant apparatus but totally lacking in police 
training, are a part of the armed and uniformed force, al- 
though they wear their uniforms only upon state oc- 
casions and are subject to call only for the suppression of 
riot, ete. 

Subsequent legislation provided for a Board of Boiler 
tules, of which the chief inspector of the boiler-inspec- 
tion department should be chairman and which should be 
further composed of one member representing the boiler- 
using interests, one the manufacturing interests, one the 
boiler-insurance interests and one member who is an op- 
erating engineer. These four members are appointed by 
the governor and do not come under the jurisdiction of 
the chief of the district police. 

In July of last year, the chief of the boiler-inspection 
department resigned. There had been, in the meantime, 
a movement afoot in which some of the examiners had 
been active to divorce the department from its police 
affiliations. This “pernicious activity” had rendered 
them personae non gratae to the chief of the district police, 
who sought the advice of the attorney general as to 
whether the civil-service requirement, governing the ap- 
pointment of the chief inspector by the governor, still 
held; for these perniciously active examiners had come 
out of the previous examination with high ratings. The 
attorney general found that the necessity of appointing 
a successor to the chief had never occurred to the “gen- 
eral court”; that no provision was made for such appoint- 
ment. The governor could not fill the office without war- 
rant of law, because the treasurer’s department would fail 
to find any authority for the emolument. The legal ad- 
viser, however, suggested that the chief of the district 
police had the power to appoint.an acting chief who 
might serve without increase of pay until the legislature 
could repair the remissions of its predecessor. 

This was done, but the Board of Boiler Rules, appointed 
by his excellency direct, owing no allegiance to the police 
department, refused to accept his appointee as their chair- 
man and requested the governor to subject candidates for 
the position to a civil-service examination. 
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To the civil-service examination came seven of the 
nineteen inspectors of the department. Perhaps, the 
cthers did not want to get mixed up in a strife between 
superiors ; perhaps, they were deterred by other consider- 
ations. Of the seven whe went in only three got above 
the sixty-five per cent. necessary to qualify and the chief’s 
repudiated appointee got only fifty-four. The pernicious- 
ly active came off, we understand, with the highest per- 
centages. But what does that avail when a man has so 
little sense of discipline and decorum as to go about call- 
ing his chief names? The questions asked at the ex- 
amination are printed on page 292 and are puerile com- 
pared with those which some of the examiners are al- 
leged to have proposed to the ordinary garden variety of 
cugineer who appeared before them for examination. 

And, so the matter stands. The chief will not with- 
craw his appointment; the Board of Boiler Rules will 
not accept him and his excellency says, “Let the general 
court do it.” 

We dislike to see the Massachusetts law, or anything 
connected with its administration, come into ridicule or 
disrepute. It is an excellent law and we should like to 
see other states adopt it instead of getting up a variety 
of dissimilar statutes. Coéperation between the boards 
of rules appointed under such laws would result in uni- 
formity of practice and the avoidance of different stand- 
ards for different states. Such inspection is really an 
exercise of the police power of the state; but so are fac- 
tory inspection and the activities of the board of health. 
here seems to be no good reason for linking it up with 
the criminological branch and making the chief inspector 
responsible to a police official, on one hand, and subject 
to the Board of Boiler Rules, on the other. 

This mistake may be avoided by other states which 
adopt the law. Another possible good which may come 
cut of the situation is the realization by some of the in- 
spectors of the ridiculousness of some of the examinations 
which they give, as indicated by the questions, which are 
cften sent to us as having been asked by Massachusetts 
examiners, and which lead to the rejection of such men as 
W. E. Crane, who first applied the double eccentric to a 
Corliss engine, and failed to satisfy the inspector that 
he knew enough about its setting and effect to be en- 
trusted with a license to run one. 


Internal Combustion Engine for 
Central Stations 


While with low load factors and cheap fuel, the steam 
turbine in large units is the only form of heat engine to 
be considered for central station work, there may be cases 
where a combination of high load factor and expensive 
fuel restores the advantage to the internal combustion 
engine. This is stated by M. Gercke, chief engineer of the 
Maschinenbaufabrik, Augsburg-Niirnberg, in a paper pre- 
presented to the Central Station Association at Keil re- 
cently, an abstract of which will be found on page 286 
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There are several stations, he says, in Germany in which 
Diesel engines and steam turbines are installed together, 
the engines taking care of the steady load, the turbine of 
the peaks. 

The question suggests itself whether there may not be 
numerous instances in metropolitan practice where the 
location of a large internal combustion station in the 
‘heart of the system might be advisable. Such a station 
composed of only enough units, of the greatest capacity 
available, to take care of the continuous load, would gen- 
erate current very cheaply, running as it would practical- 
ly continuously at its rated capacity. The location of 
the plant in the center of this district to be served would 
reduce the amount of copper required and whether pro- 
ducers or oil engines were used, there would be freedom 
from the smoke nuisance, so important in a crowded 
locality. 

It is not beyond the bounds of practicability that the 
problem of cooling water could be solved by utilizing 
the waste heat of such a station, in a heating system for 
the surrounding buildings. The situation of the station 
in a densely occupied district, would again conduce to 
this result and the ability to furnish heat as well as cur- 
rent would extend the range of application for the central 
station service. An economical turbine station on the 
water front could furnish, through smaller mains than 
would be otherwise necessary, the surplus current re- 
quired for the peaks. 

The most extensive use for large gas engine plants has 
been in connection with iron and steel works where gas is 
practically a byproduct and where the comparatively high 
price and cumbersomeness of the gas engine counts for 
most as against the burning of this gas under boilers and 
the utilization of the steam in the simpler and less ex- 
pensive turbine. May we not see a revival of the large 
gas engine installation, under conditions which will offer 
it a better chance ? 


New York Boiler Laws 


Is New York State to have a boiler-inspection law? 
Those who listened to the remarks of the speakers at the 
vecont dinner of the American Institute of Steam Boiler 
Inspectors could not help but feel optimistic in the mat- 
ter. However, this is not the first time, by any means, 
that boiler-inspection laws have been proposed for New 
York. Several times the prospects have seemed par- 
ticularly bright for the adoption of such laws when op- 
position was encountered, influential enough through leg- 
islative channels, to defeat them. 

As to the desirability of a state inspection law, little 
need be said—its merits are obvious. In fact, they are 
so overwhelming that its opponents dare not come out 
in the open. Any opposition that may develop is likely 
to spring from certain interests in cities within the state, 
which have their own boiler regulations. Boiler inspec- 
tion in New York City has long been recognized as de- 
ficient. Not that the inspectors are incompetent, but 
they are laboring under a system which prevents them 
trom doing full justice to their work. It is time for a 
change from these conditions. 

Equally as important as the construction and inspec- 
tion of a steam boiler is its operation. The best boiler 
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in the hands of an incompetent man is more dangerous 
than a stick of dynamite. This leads to the considera- 
tion of a state license law. One without the other af- 
fords only partial protection. In Massachusetts, an en- 
gineers’ and firemen’s license law, a_boiler-inspection 
law and rules governing the construction of boilers are 
enforced conjunctively. One other state, Ohio, and sev- 
eral cities, have adopted the Massachusetts law as a 
whole, while other states and cities have adopted it in a 
modified form, or certain of its provisions. The Massa- 
chusetts rules are regarded as the standard, and New 
York, which boasts of being the Empire State, cannot 
afford to compromise but should adopt the best there is. 

The present movement has the advantage over pre- 
vious ones in that it is being pushed by the American 
Institute of Steam Boiler Inspectors, whose judgment 
in such matters should carry much weight. Further- 
more, it has the support of many prominent boiler man- 
ufacturers and insurance companies and will no doubt 
be heartily indorsed by all engineering societies within 
the state. 

May success be the reward of this latest effort. 


No More Merchant Pipe 


Standard pipe is a good deal thicker, and hence 
stronger than it need be for many purposes, especially 
in the smaller diameters. It has been the practice to 
draw pipe, to order, of less than the standard thickness 
for use under conditions in which the standard pipe was 
not necessary, and this pipe, of the same outside diam- 
eter as the standard, threaded and coupled like it, sim- 
ilar in every particular except in thickness and weight, 
has been known as “merchant” pipe. 

The reduction in weight per running foot has been kept 
within limits and the merchant pipe subjected to the same 
test, seven or eight hundred pounds per square inch, as 
the standard pipe. So long as the purchaser knew what 
he was getting and used it intelligently no harm was 
done, and unnecessary expenditure was avoided. 

But with a lot of pipe of less than standard thickness 
floating around, all looking alike, all threaded alike, only 
the expert, or he who was particular enough to weigh or 
gage it, could be certain that he was getting what he paid 
for, and this thin pipe was likely to be inadvertently per- 
verted to uses for which it was not adapted. 

The National Tube Co., therefore, has announced, 
and we understand that most if not all of the other pipe 
producers are adopting the same attitude, that it will 
draw no more merchant pipe, so that when a man buys 
a length of pipe he may be sure that it is within five per 
cent. of the prescribed weight above or below. It may look 
arbitrary to refuse to draw an order of pipe of special 
thickness (or thinness) for a customer who has use for a 
large quantity for gas or other low-pressure service, but 
in clearing the market of undersized stock and making 
“standard pipe” mean one thing, the move is the best 
thing which has happened for the purchaser of piping in 
many years. 


According to one engineer the extortionate prices 1m- 
posed by the coal barons are not undiluted evil. "| 
wish the stuff cost twice as much,” he says, “then a man 
would get a little more credit for saving it.” 
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Interesting Piping Problem 


In power-plant design the end which suffers most from 
lack of careful study is usually the piping. Much of 
ihe piping is often left until the last moment after the 
position of all the various pieces of apparatus has been 
decided upon, and is rushed through without much 
thought as to system or cost. I recently had brought to 
my attention a piping layout in which a saving of several 
hundred dollars over the original method was effected by 
a careful study of the whole problem and a revision of 
the plans. 

Referring to the diagram, A is the power plant and it 
is desired to carry steam to the point D. BD is a tunnel 


D 


B Power 


DIAGRAM OF PIPELINE 


in which the pipe is carried on hangers. From A to BD 
it is necessary to run the pipe in conduit. The original 
layout was to run the pipe through a conduit to B (ABD 
being a 90-deg. angle) and then through the tunnel to D. 
Estimates were secured for installing the pipe in the 
conduit at $7 a foot and in the tunnel at $3 a foot. If 
run the way originally intended the cost would be $10,000. 
if run from A to D in a straight line through a conduit 
the cost would be $9900. From a study of the layout 
it was evident that by running the conduit to some point 
(’, intermediate between B and D, the work could be done 
for the least money. The problem, therefore, was to lo- 
cate C. This can be done by the use of trigonometry and 
a trial and error method, but is long and tedious. A 
much simpler method is the use of what is known ‘as 
“maxima and minima” in differential calculus. 
If we call the distance 
AB=a; 
BC =z; 
and 


m = Cost per foot for a; 
n = Cost per foot for x; 
‘len without giving the various steps by which the re- 
sult is obtained 
an 
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For the case given BC should be 475 ft. 
cotal cost of $9325. 

If there was a pipe going from C the other direction in 
the tunnel and its cost was z the equation would be 


n — 
2 = ( } u 
m? — (n — =i) 
~ 


This gives a 


DURAND. 
Brooklyn, N. Y. 
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Receiver and Automatic Control 


In the plant where [ am employed, a tank 5 ft. in 
Giameter and 12 ft. long receives the exhaust and re- 
turns from five engines and two paper machines. The 
boiler-feed pumps remove the water. Make-up water was 
always regulated by hand and it was impossible to keep 
the water level at a normal height; there was also a 
great variation in the temperature. 

A number of float arrangements had been tried to au- 
tomatically regulate the make-up water, but without suc- 
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PIPING OF THE RetTuRN TANK AND AUTOMATIC CONTROL 


cess. I tried the device illustrated herewith, which 
worked satisfactorily. A is a common globe valve with a 
smooth stem. B is a ball joint. At first we used a piece 
of 8-in. pipe for the float chamber P, with the top open 
to the atmosphere, but at times the water in the receiver 
would get above 212 deg. F. and, owing to the small area 
of the atmospheric pipe K, the pressure would rise from 
1 to 5 lb. pressure, which forced the water in the re- 
ceiver, up into the float chamber, closing the valve at 
the time it should be open. 

To overcome this we put a cap on the top end of the 
chamber P with a packing gland at D for the float rod 
tc run through, and connected a pipe FR to the top of the 
receiver and float chamber to equalize the pressure. 

A piece of %%-in. nickel-plated pipe F was used for 
the rod. It was soldered to the bottom and top of the 
float and a 1%-in. hole drilled at # and another below it. 
This overcame the trouble encountered from collapsing 
floats. 

There is 25 lb. pressure in the pipe M. Valves S and T 
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are to shut off the float chamber, H is the overflow; G 
is a vent to prevent siphon action; J is the blowolf 
valve; L is a valve to be used if the float is out of com- 
mission, NV is a gage-glass; O the pump suction, and re- 
turn pipes are shown on top of the tank. 
R. A. Harrorp. 
yroveton, N. H. 


Corroded Boiler Tubes 


The boiler tube from which the accompanying illustra- 
tion was made was lately removed from a horizontal re- 
turn-tubular boiler, near Detroit, Mich. This “boiler is 
using water containing a considerable quantity of sul- 
phates. The scale is not generally thick nor hard. Raw 
water, in the winter only, makes up about 50 per cent. 
of the feed water, the remaining 50 per cent. is con- 
densation from the heating system, which is returned to 
the boiler by a return trap. 


CorRRODED AND CraAcKED BorLer TUBE 


Natural gas is used for fuel, together with refuse, con- 
sisting principally of wood. 

Cutting of the tubes by corrosion on the exterior of the 
tube occurs close to the inside of the front head. These 
tubes are from three to about 10 years old. The faulty ones 
are not all close to one another but scattered about the 
nest. Other boilers belonging to the same firm, located 
across the street, have not experienced any such trouble 
in over ten years. 

We fail to find any good reason for the cause of this 
irouble and thought that perhaps some reader might have 
had a similar experience. Comments by those who can 
throw light on the matter will no doubt prove of general 
interest to engineers and firemen. 

J. B. Lavovur. 

Toronto, Ont., Can. 
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Calculating Scales 


The calculating scale, Fig. 1, is for horsepower com- 
putations; Fig. 2 is for figuring pipe areas for the flow 
of steam under different conditions of pressure and veloc- 
ity. The horsepower calculator is used in checking the 
horsepower of engines, but the limits are so large that 
extreme accuracy is not attainable with the size of scale 
used. 

The steam-flow scale is of value for anyone interested 
in the design or operation of steam machinery. With 
iarger subdivisions the error of about 2 per cent. would 
be decreased. 
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Referring to Fig. 1, assume that the horsepower of a 
14x24-in. engine is to be found, having a mean effective 
pressure of 52.5 lb. and a speed of 150 r.p.m. Place the 
stroke scale C opposite the mean effective pressure scale B 


Fig. 1. CHartr ror Computinc ENGINE HorsEPOWER 


and revolve the top disk until the revolution per minute 
scale # is opposite the cylinder-diameter scale D. Then 
revolve the rider arm to the arrow and read the horse- 
power on the scale A. Thus 24 and 52.5 will line up on 
the scales C and B and 150 and 14 will line up on scales 


Allow Velocity= 100 ft. persecond, Engine Steam Pipe 


Turbine Steam 
Exhaus 


Fie. 2. CHart ror Computine Pier AREAS 


FE and D. The line on the rider, when covering the ar- 
row, points to 72.5 hp., or double that for the total 
horsepower developed per revolution, 145 hp. 

The chart shown in Fig. 2 is manipulated similarly. 
Assume the steam velocity is to be 100 ft. per sec., steam 
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pressure 150 lb. and that 15,000 Ib. of steam is required 
yer hour. Place the velocity scale D opposite the desired 
quantity of steam on chart C and move the rider over the 
steam pressure sidewise on scale EF, the area will be 
shown as 18 sq.in. on the scale B. 
G. H. Bascome. 
Elmira, N. Y. 


Device for Removing Pump Cylinder 
Heads 


The device illustrated herewith I find very handy for 
removing water-cylinder heads on horizontal pumping 
engines where the crane service is available. 

The only provisions necessary for applying it are an 
eye-bolt hole drilled and tapped in each head and the sub- 
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stitution of a tap bolt for a stud in the holes where the 
bracket leg screws in. The slotted oblong hole in the 
bracket, facilitates removing the lower side heads which 
may be handled either by a long hook bolt or the same 
hook bolt and a long eye-bolt, preferably the latter, as 
shown. 

This makes a portable outfit for this kind of work, and 
its removal after using leaves the appearance of the pump 
unchanged, there is no necessity to hang unsightly tim- 
hers, ropes, hoists, etc., overhead. 

W. OLIVER. 

Racine, Wis. 


Openings to Detect Leaky Blowoff 
Valves 


it is good practice to have an opening in the blowoff 
pipe between the blowoff valve and where the water is 
discharged, as then one can see at once if the blowoff 
Valve is leaking or not. 

Especially should this be done where the water is dis- 
charged into a closed tank or catch basin. Our blowoff 
Pipe discharges the water into a catch basin outside of the 
luilding and the blowoff pipe is arranged as shown in 
Fig. 1. After I start filling the boiler with water the 
plug A is removed and the end of the tee left open until 
steam is raised in the boiler. In this way, if the blowolf 
Valve leaks ever so little, it can be detected at once. T also 
find this affords a good means to make sure that the blow- 
olf valve is not leaking after blowing some of the dirty 
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water out of the boiler in the morning or during the 
noon hour. 

Where there is room the tee could be placed next to 
the blowoff valve, as shown in Fig. 2, and where the blow- 
off pipe of two or more boilers discharges into one main 
trunk pipe leading to a closed tank or catch basin, the 
piping could be arranged as shown in Fig. 3. 

One bad mistake some engineers and steam fitters make 
in connecting a blowoff valve to a boiler is that they 
fail to place a flange or union near the valve between it 
and where the water is discharged. Often the flange or 
union is placed a long distance from the valve, then, if 
it is necessary to take out the valve for repairs or to re- 
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place it, a lot of piping must be disconnected, causing 

unnecessary labor and expense. All this trouble can be 

avoided by placing the flange or union as near as pos- 

sible to the blowoff valve. 
H. A. JAHNKE. 
Milwaukee, Wis. 
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Engine Vibration Tests 


In the advertisement of the Rollins engine in a recent 
issue of Power I read that a Massachusetts engineer bal- 
anced a pencil on the top of the cylinder and it stood 
upright all day. 

This certainly speaks highly for the engine, but I once 
performed a little experiment myself which I thought 
rather hard to beat. While running one of those 125-hp. 
engines installed in the F. B. Pierce Chair company’s 
shop at South Keene, N. H., I balanced three ten-cent 
pieces on various parts of the engine, one on the pillow 
block, one on top of the cylinder over the back head, and 
one on the frame over the girder, and they would stand 
that way for hours or until I got short of spare change. 

. Artuur H. Parker. 

Warren Summit, N. H. 
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Air Receiver Explosions 


Some months ago, while investigating the causes of an 
explosion of an air receiver that was carrying 100 lb. 
gage pressure regularly, I found and reported that the 
inside of the receiver was coated with grease to the ex- 
tent of 14 in. thick or more. Since that time, I have 
had opportunity to examine four other compressors and. 
receivers. In each case the interior of the shell was 
coated with grease from 4 to Y% in. thick. I immedi- 
ately began to look into the lubrication of the compressor 
cylinders and have since been watching the lubrication of 
various running compressors, with the following deduc- 
tions, some of which agree with the previous discussion 
on this subject: 

Many mines employ a man to run the compressor and, 
at the same time, watch the hoist located near-by. This 
man must set his lubricator to feed the oil and, nine times 
out of ten, adjusts it to feed about the same as for a 
steam cylinder. Frequently he starts it cold and after 
running it awhile goes back and finds a tiny stream of 
oil running into the cylinder. Again, when the lubri- 
cator is empty, he grabs an oil can, as he gets a hoisting 
signal, and rushes over to put a few drops into the lubri- 
cator before answering the signal. A change in engi- 
neers frequently means a change in oils and a different 
rate of feed. Even if the engineer has only the com- 
pressors to care for he is generally a “steam-man” and 
gages his steam and air-cylinder lubrication alike. 

Frequently incompetents are entrusted with motor- 
driven compressors, and are instructed to watch for hot 
bearings, pull the switch if anything goes wrong and 
send for the electrician. All that such men can do is to 
pour out oil, which they generally do. 

Many compressors draw their air from the hot engine 
room and out here on the desert of Nevada, the mine 
compressors frequently have open unfiltered intakes draw- 
ing in desert air with a goodly portion of dust and 
alkali. Assuming this intake temperature to range from 
120 to 160 deg. F. and the compression from 100 to 104 
lb. gage pressure, the heat of compression may run up 
the temperature to 500 deg., which is higher than the 
flash point of many cylinder oils. The stopping of the 
discharge by a valve stem sticking, or grease or carbon 
accumulating to reduce its area, or by running the com- 
pressor at overspeed, may cause some of the heated air 
to come back for recompression and still further advance 
the temperature. Cylinder jackets might help some, but 
the use of muddy mine water without any attention would 
soon reduce their value. 

Many steam-driven compressors have throttle governors 
to reduce the speed when occasion requires, but, in sev- 
eral cases, I have observed that the lubricator was left 
adjusted for the maximum speed. 

To avoid air-receiver explosions, it would seem that 
several points can be emphasized. Use only the best of 
compressor oil and use only as little of it as possible, far 
less than any steam cylinder requires. At the lowest 
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point of the receiver tap for a drain and screw in a short 
nipple. Then bush the out end of the nipple up to a 
é- or 4-in. pipe and put on a piece 6 in. to 1 ft. long. 
Reduce again to the size of the stop cock valve it is «e- 
sired to use. This forms a pocket or trap for the moisture 
and oil, which can be readily blown out. In the absence 
of a trap, a hole is blown in the residue when the blow- 
off cock is opened. The little hole immediately fills up 
and the thick oil deposit does not flow at all. I have seen 
soft soap and water and potassium or sodium hydrate and 
water used for cleaning grease and gum from cylinders, 
air passages and receivers with considerable success. Gaso- 
line, kerosene, naphtha or the like should not be used 
as they are likely to form highly explosive gases inside 
the air passages. In any event, a manhole should be pro- 
vided in the receiver so that it can be readily scraped 
and cleaned. 
Tonopah, Ney. Letson BALLIET. 


Mr. Booth’s Condenser Problem 


The problem given by W. H. Booth in the Dec. 17 is- 
sue relative to the source of power that lifts the cool- 
ing water into a jet condenser 17 ft. above a canal, proves 
to be of unusual interest. 

By his wording, I assume that the question means 
that the outlet from the air pump is open to the at- 
mosphere 17 ft. above the canal, and that from there the 
water runs down freely through an open pipe or duct to 
the canal. This assumption being correct the answer to 
the question is that the lifting power comes directly from 
the air pump. 

Let us imagine a theoretical case of a plant of, say 500 
hip., where there are 175 |b. of steam condensed per min- 
ute, assuming a ratio of cooling water and steam of 
30 to 1. The cooling water would amount to 

30 & 175 = 5250 lb. per min. 

Adding this to the 175 lb. of condensate gives 5425 |b. 
of water pumped out by the air pump per minute. To 
make the problem simple, assume there is no air in either 
the condensed steam, or in the cooling water and that the, 
wet-air pump handles a full cylinder of water every 
stroke. Assuming, also, that the hotwell temperature is 
115 deg. F., the water handled by the wet-air pump 
would weigh 61.8 lb. per cu.ft. Then we have 

5425 
61.8 
of water pumped per minute. 

Further, let the vacuum be about 26 in., giving an ab- 
solute condenser pressure of 2 lb. per sq.in. Then thie 
head against which the wet-air pump must discharge is 

14.7 — 2 = 12.7 Ib. per sq.in. 
Neglecting slippage, friction and all other losses, th: 
power developed in the water cylinder of the air pump 
would be 


= 87.8 cu.ft. 


87.8 x 12.7 x 144 
33,000 


= 4.86 hp. 
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Of this amount, the cooling water represents 
5250 
Bian * x 4.86 = 
Now, supposing a purely theoretical (and really impos- 
sible) condition, that the cooling water is as hot as the 
hotwell water just to have one horsepower balance theo- 
retically the height to which the available vacuum would 
lift the cooling water. This would be 
12.7 x 144 
6L8 
To lift 5250 lb. of cooling water per minute through 
29.6 ft., would require - 
5250 29. 6 
3, 000 


Thus we see that the power exerted by the suction of 
the condenser (the atmosphere) 1 is exactly the same as 
that developed in the wet-air pump, pumping the cool- 
ing water only from vacuum te atmosphere. Thus, the 
power to lift the ensling water comes from the pump. 

As a matter of fact, the the»retical condition that the 
cooling water is as hot as the hotwell water is impos- 
sible; so assuming the cooling water at 60 deg. F., it 
would weigh 62.4 lb. per cu.ft., and the actual column 
that the vacuum would support would be 

12.7 XK 144 
62.4 


und the horsepower necessary to lift this column of water 
would be 


4.71 hp. 


= 29.6 ft. 


= 4.71 hp. 


= 29.3 ft. 


5250 x 29.3 
33,000 

The difference between this and the 4.71 hp. or 0.05 
hp. is the little extra burden that the air pump has to 
bear, due to the heat put into the water with its conse- 
quent expansion. 

Suppose we have a surface condenser. Without any 
air, the air pump would develop only the power required 
to pump the 175 lb. of condensed steam per minute. This 
would represent a volume of 

175 
61.8 


= 4.66 hp. 


2.83 cu.ft. 


which against 12.7 lb. pressure would be 
2.83 x 12.7 x 144 


33,000 


If there were any lift, there probably would be an equal 
crop at the outlet; so, except for friction, the circulating 
pump requires no power at all. 

If we have a barometric condenser, without any air 
pump, the condenser could, theoretically, be placed a 
distance above the hotwell equal to the height of con- 
‘iensate that the atmosphere will support. This we have 
already figured to be 29.6 ft. If the cooling water were 
at the same temperature, this too would be lifted this 
height by the vacuum (atmosphere) and once started 
would continue round and round, assuming no friction, 
without any pumping. However, the cooling water to 
he of any use must be cold, so assuming 60 deg. as be- 
fore, the height to which the vacuum would. lift this 
Water would be, as already figured, 29.3 ft. The extra 
lift of 0.3 ft. must be supplied by a circulating pump, 
‘s well as considerably more lift necessary to insure that 
the condensing chamber shall be high enough above the 
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hotwell to free itself quickly of water. This 
not less than 34 ft. total. 

Applying these theoretical considerations to Mr. 
Xooth’s problem, we find the lift in his case is only 17 
ft., which is much less than the head against which 
the pump must discharge. The rest of the available col- 
umn must be absorbed by water friction, or a throttling 
valve, which is the same thing, so the air pump is really 
lifting all the cooling water into the condenser and over- 
coming this friction also. The friction does not throw 
any more load on the air pump because the pump must 
develop the full power in getting the cooling water out 
against the atmosphere and this may be absorbed en- 
tirely by lifts or by a shorter lift with more friction. The 
power is there; so, within lifting range, the height of lift 
does not really alter the power. 

It is perfectly possible to decrease this power by prop- 
erly piping the condenser outlet back to the canal level. 
This would then form a siphon and, barring friction and 
air and the change in volume, due to water temperature, 
no power would be required to circulate the cooling 
water. The atmosphere would raise the water against 
gravity and gravity would return it against the at- 
mosphere. In this case, any power obtained from a water 
turbine in the return to the canal, as Mr. Booth men- 
tioned, would come from the air pump itself. 

If a jet condenser is placed on a level with the source 
of cooling water supply, the air pump must do the en- 
tire work of pumping out against the atmosphere. This 
1s because, there being no lift, the cooling water must be 
choked back by a valve, lest it swamp the condenser 
and run back into the engine; and there being no lift 
there can be no drop on the discharge, so gravity can- 
not help to remove the water. If, however, the con- 
denser can be elevated so as to use the vacuum to elevate 
the water and the rest of the vacuum to overcome fric- 
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tion and valve control, the consequent drop at 
the discharge, less its friction, will be almost 
enough to get the cooling water up into the 
condenser. Then the air pump, aside from hand- 


ling the condensate, need overcome only friction in re- 
moving the cooling water. By the elevation the vacuum 
overcomes gravity, which can return the work, instead of 
valve friction, which cannot return anything. Some pro- 
vision might have to be made to get the air down the dis- 
charge pipe, but a high-water velocity would probably 
carry away all the air contained in the column of water. 

This brings us to the conclusion that, properly ar- 
ranged, neglecting friction and air, no kind of condenser 
should require power to handle cooling water except that 
to overcome the effect of a slight expansion of the 
water, due to an increase of temperature. Thus expan- 
sion would tend to make the siphon run backward and 
this tendency must be overcome with a pump. 
1 barometric condenser, where the work seems to be 
done by gravity, the energy of the steam must be used 
to lift the steam itself up into the condenser (so many 
pounds’ weight against so many feet lift) for it to run 
out again by gravity against the pressure of the at- 
mosphere. If the engines are above the condenser, then 
this lifting is done between the boilers and the engine; 
or if the boilers too are above, the work is done by the 
boiler-feed pumps. 


in 


R. 8. Bayarp. 
New York City. 
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INQUIRIES OF GENERAL INTEREST 


Grate Area-—What should be the grate area of a 200-hp. 
boiler? 
M. P. M. 


A 200-hp. boiler should be capable of evaporating. 
200 xX 34% = 6900 lb. of water per hr. 
from and at 212 deg. F. at atmospheric pressure. For ordi- 
nary good operation 9 lb. of water should be evaporated per 
pound of coal. Then the coal required per hour is 


6900 
— 766.6 
Average practice allows 18% lb. of coal per hour per square 
foot of grate. Then 
766.6 
= 41.4 
18.5 


or, in round numbers, 42 sq.ft. should be the grate area, 


Slidiug Foot on Engine—Why does a Rice & Sargent en- 
gine have a sliding foot? 

S. J. 

A sliding foot is placed under the engine to permit the 
frame to assume its natural aligrment without being strained, 
as it might be, from expansion and contraction, or springing 
of the engine bed. 


Greatest Pressure in a Boiler—What part of a BRB. & W. 
boiler is subject to the greatest pressure? 


The greatest pressure per unit of area comes on any 
boiler at the lowest point that is subjected to the hydrostatic 
pressure of the water in the boiler. In a B. & W boiler, that 
point would be the mud drum. 


Oil Engine Cylinder Oil—What is a suitable cylinder oil 
for oil engines of the semi-Diesel type? 
A light, clean mineral oil should be used, having a flash 
point of at least 370 deg. F. and a specific gravity of from 
0.9138 to 0.907 or 24 to 25 deg. on the, ,Baumé scale. 


Boiler Circulating Pipes—Where is the circulating pipe 
attached in a vertical shell steam boiler and what is its par- 
ticular function? 

&. 

Circulating pipes are sometimes placed in vertical boilers 
connecting the water space above the fire-tube sheet to the 
lower part of the water leg, to induce a rapid circulation in 
the water leg to prevent mud and sediment accumulating 
there. 


Furnace Draft Velocity—How can the velocity of the 
draft in a boiler furnace can be calculated from the force of 
the draft? 

a, 

The force of the draft cannot be converted into the ve- 
locity of the draft, because the obstructions offered by the 
grate and fuel bed and the friction of the air through the 
passages cannot be told. The velocity of the draft can be 
ascertained by placing an anemometer in the air entrance or 
draft passages in the flues. 


Concrete Boiler Setting—Is concrete a satisfactory mate- 
rial for a boiler setting or can it be made so by lining with 
fire brick? 

Be 


Rrick is better for the side walls of a boiler setting than 
concrete, even when the latter is lined with fire brick and 
an air space is left, because expansion of the concrete would 
be inevitable and the walls would be very likely to crack in 
such a way as to be weakened and to admit air through the 
crevices formed, and this would be seriously detrimental to 
the boiler economy. 


Boiler Horsepower—What is meant by the equivalent 
evaporation of a boiler and how is the boiler horsepower 
rated? 

W. N. M. 
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The equivalent evaporation is the number of pounds of 
water that would be converted into steam at 212 deg. F. and 
atmospheric pressure by the same amount of heat that was 
utilized in the actual evaporation; i.e., the weight of water 
converted into steam at the pressure and temperature obtain- 
ing. <A boiler horsepower is usually rated as each 3415 lb. of 
equivalent evaporation per hour. 


Hydraulie Elevators—Explain the principles of “Standard 
Plunger” and high-speed hydraulic elevators. What is the 
cycle of operation? Can the same water be used indefinitely 
in the operation? Is the use of air necessary? 

Standard Plunger and other high-speed hydraulic elevators 
are operated by the pressure of water maintained in an ac- 
cumulator or in an elevated tank. When the water is dis- 
charged from the elevator cylinder, it escapes to a discharge 
tank and is pumped to the accumulator, either against a con- 
fined cushion of air or against a loaded plunger, or to an 
elevated supply tank. The accumulator is filled automatically 
by a pump controlled by a governor. The water is used over 
and over. 


Pressure on Pump Suction—W ill a plunger pump work 
satisfactorily if it receives its water under pressure, as from 
another pump placed lower to help the first take water from 
a deep well? 

P. 

For a plunger pump to work satisfactorily, when there is 
a pressure head on its suction, its valves must have strong 
enough springs to close them against the pressure during 
the discharge stroke, and even then there may be some slip- 
ping of the pump. When one pump delivers to another, there 
should be some kind of an expansion chamber between them, 
unless both operate at exactly the same rate or there is op- 
portunity for the initial pump to slip, as a centrifugal pump 
would, if the second pump failed to take the water fast 
enough. If the first pump does not deliver the water fast 
enough, the second pump must slip. The best means of equil- 
izing is to have the first pump deliver into a standpipe to 
which the suction of the second pump is connected. 


Boiler Heating Surface—W hat will be the heating surface 
of a Manning boiler 74 in. in diameter, with 284 two-and-one- 
half-inch tubes 15 ft. long and a firebox 84 in. in diameter by 
55 in. high from the top of the grate to the tube sheets? 

Tube heating surface is usually calculated as the area 
corresponding to the nominal exterior diameter. The circum- 
ference of a circle of 2% in. diameter being 7.854 in., the 
total heating surface in the tubes is 

7.854 
x 16 284 = 2788.17 
The firebox flue sheet being 84 (in. 


area is 


in diameter, its gross 


84 X 84 X 0.7854 
144 


A 2%-in. tube has a cross-sectional area of 4.9087 sq.in., 
and the area to be deducted for the tubes is 


4.9087 


144 
leaving “as the net flue sheet area 


= 38.48 sq.ft. 


X 284 = 9.68 sq.ft. 


38.48 — 9.68 = 28.8 sq.ft. 
The diameter of the furnace being 84 in., its circumfer- 
ence is 
84 3.1416 
= _ 21.99 ft. 
12 


The height of the furnace being 55 in., the area of the 
sides of the firebox (neglecting the fire-door opening) is 


55 
21.99 X rs = 100.79 sq.ft. 


The total heating surface in the firebox, therefore, is 
28.8 + 100.79 = 129.59 sq.ft., 
and the total in firebox and tubes, 
2788.17 X 129.59 = 2917.76 sq.ft. 
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MENsURATION—Part IV 
THE CIRCLE 

If you cut out a carboard disk, 1 in. in diameter, mark 
a point on the edge, and, placing this point downward 
on a sheet of paper, roll the disk until the point marked 
again touches the paper, you will find that the distance 
passed over, or the circumference, is very nearly 34  in., 
or, reduced to decimals, 3.1416 in. This number is not 
wholly correct, however, as it would never come out even 
as a decimal.* 

Take a circle, 3 in. 
be 9.4248 in. 


in diameter, the circumference will 
The ratio will be 


— 


9.4248 : 3 = —.— = 3.1416 


This is true of any circle, so we have the rules. To 
find the cireumference when the diameter is known: 
Rule: Multiply the diameter by 3.1416. 
To find the diameter when the circumference is known : 


tule: Divide the circumference by 3.1416. 
Example: A flywheel 8 ft. in diameter makes 175 
rpm. What is the rim velocity in feet per minute? 
3.1416 & 8 XK 175 = 4398.24 ft. Ans. 
Example: The drivers of a locomotive are 60 in, in 
diameter. If they made 3200 revolutions in traveling 


eight miles, what was the distance lost due to slippage ? 
9280 ft. equals one mile. 


5 ft. 3.1416 « 3200 = 50,265.6 ft. 
in 3200 revolutions. 
50,265.6 — (5280 x 8 
) 1.52 miles. Ans. 


Numerous experiments have shown that each square 
foot of bare iron pipe surface will radiate 3° B.t.u. per 
lr. for each degree difference between the temperatures 
of the pipe and the air surrounding the pipe. 

Example: What would be the loss in B.t-u. per annum, 
in the following lengths and sizes of pipes: 200 ft. 2 in. ; 
66 ft. 6 in.; 162 ft. 4 in.; 20 ft. 12 in.? Steam at 1 50 
lb, gage (366.5 deg. F.) is in these pipes 24 hr. per day, 
200 days per year. The average temperature of the air 
is 80 deg. F. The actual external diameters of the pipes 
ire as follows: 2 in., 2.37 in.; 4 in., 4.5 in.: 6 in., 6.62 
in; 12 12.75 in. 

The writer gets 3,066.971,040 B.t.u. for an answer. Is 
this correct ? 


AREAS OF CIRCLES 


; Let us see how the rule for finding the area of a circle 
IS established : 

Let Fig. 1 represent a circular piece of cardboard, the 
lower half ABC eut into eight equal piec es or sectors, and 
spread out, as shown at Fig. 2. It is obvious that the 


— 
*Some 


plac one has taken the trouble to carry it out to 127 
es: 


3 .14159265358979323846264338327950288419716939937 5105 
820974: 144 59230781640628620899862803482534211 (0679821480865132 
ry 0938446+. In 1873, a Mr. Shanks carried it out to 


ces. 


length ABC, Fig. 2, equals ABC, Fig. 1, or half the cir- 
cumference of the cardboard and the height or altitude 
of the sectors will equal the radius of the circle. If 
the upper half of the circle be cut into eight equal sectors, 
they will fit into the spaces formed by the sectors from 
the lower half, and we will have a nearly perfect rect- 
angle, the area of which would be the same as that of 
the circle. The greater the number of sectors, 
perfect would be the rectangle formed. 

As the length of the rectangle formed will equal one- 
half the circumference, and the width will equal the 
radius of the circle, we have the following rule for find- 
ing the area of a circle. 

Rule: Multiply one-half the circumference by the 
radius. 


the more 


Powen 


Fic. 2 


Expressed as an equation, 


Area = = x 
D 
but, since the diameter is twice the radius, or > = 7 
Area = 3.1416 7 
So the rule might also be given. 
Rule: Square the radius and multiply by 3.1416. 
or 
Rule: Square the diameter and multiply by 0.7854. 
The figure 0.7854 is obtained by dividing 3.1416 by 4. 


The reason for dividing by 4 is evident from the last 


D 
equation, where > must be substituted for r if the area 


is to be determined from the diameter 
radius. Making the substitution 

3.1416 
3.1416 ) - = 0.7854 D2 


7 


instead of the 


Area = 


A graphical explanation may be given 
fact that the line which bounds a square is to the line 
which bounds a circle of the same diameter as the square, 
as the area of the square is to the area of the circle. 

Let Fig. 3 represent a square 1 sq.in. in area. If we 
draw a circle that will just fit inside the edges of this 
square, as in Fig. 4, the diameter will be 1 in. 

We know the length of the line which 


based on the 


bounds the 


square is 4 in., and, from what we have learned of 3.1416, 
er a, we know that the line which bounds the circle is 
3.1416 in. 
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Now, expressing all this as a proportion we have 
. 4:1 = 3.1416:X 
or the area of the circle. 
Dividing the product of the means to find the other 
extreme we have’ 
1 x 3.1416 


We have now proved that the constant 0.7854 repre- 
sents the area in square inches of a circle 1 in. in diam- 


= 0.7854 sq.in 


eter. If the area of the circle is to be figured in square 
feet, square yards, square miles, ete., this constant is also 
used because the relative value remains the same no mat- 
ter what unit of measure we may use. 


RINGS 


The ring, Fig. 5, is really a cylinder bent into a cir- 
cular form, so the volume will be the same as that for 
a cylinder whose altitude is equal to the mean circum- 
ference or the length of the dotted line A. The mean 
circumference will be twice the distance OA multiplied 
by 3.1416 or z. 


If the radius or distance OA = R, and the radius of 


- 


\ 
\ 


~ 


Fie. 5 


the cross-section BA = r, the formula for the volume of 
the ring will be 
and for the area of the ring’s surface 

Fig. 6 shows a flat, circular ring like a gasket. 

It is easy to see that to find the area of one face we 
proceed as follows: 

Rule: From the area of the large circle subtract the 
area of the small circle. 

The area of the large circle will be 

122 X 0.7854 = 113.09 sq.in. 
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The area of the small circle will be 
6? X 0.7854 = 28.27 sq.in. 

and the area of the flat ring will be 
113.09 — 28.27 = 84.82 sq.in. 

A ring of rectangular section is shown in Fig. 7. The 
volume of such a ring may be found similarly as for the 
circular ring, being equal to the volume of a prism whose 
altitude equals the mean circumference of the ring. This 


is so because this ring is really a prism bent into a circle. 
If 
R = Outer radius; 
y == Inner radius; 
T = Breadth of face; 
we have the following formulas for: 


Mean radius = - 


Mean circumference = 7 (R + r) 

Area of cross-section = (R — r) T 

‘Volume = (R—r) Tx (R+1r) 
Superficial area or area of all four sides = 

m™(R+r) X2[(R—1r)4+T] 

Another, and perhaps the commoner, method of finding 

the volume or area of a square ring, is to find the area 
of one face, as was done for the gasket or flat ring, and 


Porlen 


Fic. 6 Fie. 7 


multiply by the thickness. 
eaual to 


The volume would then be 


(x7 Rk? —ar*) T 
and the total or superficial area to 
2 (7 (2r7R) +7 (277) 

Example: A flywheel rim has an outer radius of 144 
in., an inner radius of 139 in., the breadth of the face 
is 20 in. What will the rim weigh, cast iron weighing 
0.26 lb. per cu.in.? 

We see that the formula for volume must be used. 


Volume = (R—r) Tar 


R= 144 in.; 
139 im.; 
= 20 in.; 


substituting these values, we have 

Volume = (144 — 139) 20 & 3.1416 & (144 + 139) 
= 88,907.28 cu.in. 

The weight will be 
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88,907.28 & 0.26 = 23,115.89 Ib. Ans. 

Example: What will be the area of all four sides of 
this flywheel rim ? 

The formula is 

Areaw (R+r) X2[(R—r) 4+ T] 
substituting the known dimensions we have 
Area = 8.1416 (144 + 139) & 2 [ (144 — 139) + 20] 
= 44,453.5 sq.in. 

Check for correctness the formulas used in the last two 
examples, by working the same problems with the other 
formulas given. 


EXAMPLES FOR PRACTICE 


(1) A winding engine has a drum 8 ft. in diameter. 
In what time will the engine haul a cage up a 482.6-ft. 
shaft if the drum makes 20 r.p.m.? 

(2) How many square inches will there be in a gasket 
for the flanges of a 6-in. pipe, area occupied by the bolts 
to be deducted? (A flange for a 6-in. pipe is 11 in. diam- 
eter and has eight 7%-in. bolt-holes.) 

(3) What will be the weight of a cast-iron pipe 12 ft. 
long, 2 ft. in outer diameter and 1 in. thick; cast iron 
weighing 0.26 lb. per cu.in.? 


Answers To LAst WEEK’s PROBLEMS 


(1) (a) 237.945.6 gal. 
(b) 1 hr. 9 min. 4 sec. 
(2) 476,367 cu.in. 
(a) 2062 gal. . 
(b) 17,176.5 Ib. 


Where the Sediment Forms 


The sediment in a boiler will accumulate in the por- 
tion of the bottom near to the region of the bridge-wall 
in the furnace; and if you have no such thing as a 
bridge-wall it will accumulate where the fire is hottest. 
This is a result of heat movements that send the hot 
water upward from highly heated spots while the cooler 
water surrounding sweeps in below, carrying with it 
sediment that builds a little mound; this, of course, if 
there is some one spot that is materially hotter than the 
rest of the surface exposed to the fire. 

We all know the result; that the sediment forming in 
a heap keeps the water from the iron at this very spot 
till the heat causes the iron to bulge down into what we 
call a bag; but there is a lesson as well as a result. In 
the first place, the fireman should strive to have his heat 
distributed as near equally over the bottom of the boiler 
as is possible. It is not practical to get it so, strictly 
speaking, but a careful man can so manage his furnace 
and fires that the heat will be so well distributed that 
there will not be much of this accumulating of sediment 
in one spot, and then he can keep his boilers a little 


cleaner ; and that will help some, too.—National En- 
gineer. 


Safety suggestions from employees are invited by the 
Safety committee of the Lehigh Valley Railroad. The em- 
ployee who makes a suggestion, whether or not it is adopted, 
receives a report as to what was done about it, with the 
reasons therefor. On each division the man who makes the 
best Suggestion in the year toward increased safety of oper- 
ation is given an “honor button” and a month’s vacation with 
Pay. In addition annual passes will be granted men with 
Clear safety records for a year. 
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OVER THE SPILLWAY 


JUST JESTS, JABS, JOSHES AND JUMBLES 


R. O. Richards charges us with “dangling.” 
dangles this dinged dangle before us: 
“Editor of the jays (J. J. J. J.) column: 

“In the Feb. 18 issue, I note that you dangle before the 
eyes of your readers two ways of making easy (?) money. I 
thank you. In return, let me tip you to a far easier way. 
Uncle Sam is abovt to issue a new five-cent piece. Collect 
1913 nickels; they are worth $95.65. 

“Framingham, Mass. R. O. RICHARDS.” 

R. O., your initials stand for “Ring Off’! You’ve got the 
wrong number if you think we’re not hep that . 


1913 X 0.05 = 95.65 (perfectly good dollars). 


Then he 


It almost surpasses belief that a lumber-mill engineer 
should possess one million real green dollars, but that’s what 
the papers say of James Bennett, of Marshfield, Ore. Of 
course, this sum does not represent his savings; it was willed 
to him. They also say, “James does not wish to leave his 
job.” Stick, Jimmy, stick! Buy the sawmill and you will 
have something handy when you start cutting coupons. 


% 
“THE CONDITIONS IN MASSACHUSETTS” 
XAMINING | 


Determine the rotative effo 
of the tangential component 
angular thrus 

the coniecting rod o 
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ever 


heard of before! 


“THE EXAMINERS EXAMINED” 


Once in a while, someone gets even with the dentist. A 
lady named Peck got a bushel of money ($384) in a suit: (a 
“law” suit) from Dr. Stevens because he pulled the second 
upper left bicuspid when he should have pulled—some other. 
Steve Brodie took a chance and so did the other Steve, but 
there’s more than one kind of bridge work and more than 
one kind of Steve gets gotten. Get it? 


In this column, on Feb. 18, we asked our readers to “dig 
up a postcard and name offhand the names of ten men fa- 
mous in the history of steam engineering. Prof. William 
Kent promptly responds with this list. 


Savery—First practical pumping engine. 
Newcomen—Cylinder and piston reciprocating engine. 
Watt—Separate condenser, rotative engine, governor. 
Oliver Evans—High-pressure, non-condensing engine. 
Fulton—Application of Watt’s engine to steamboat, 
Stephenson—Improvements in locomotive. 
Sickels—Drop cutoff. 

Corliss—Attaching drop cutoff to governor. 
Porter—High-speed engine. 

De Laval—First commercial steam turbine. 


Prof. Kent adds Parsons and Stumpf, for good measure. 
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Oil as a Fuel 


By TrAUTSCHOLD 


SYNOPSIS—Discussion of the use of oil as a fuel for 
generating steam. Emphasizes its advantages over coal 
in greater convenience and cleanliness and less labor of 
handling, and even claims equal or better economy in 
many sections not at present regarded as favorably lo- 
cated to burn oil. 

33 

About half a billion tons of coal is now mined in the 
United States per year, including bituminous and an- 
thracite coals of all grades. Of this amount probably two- 
fifths is used to generate steam for use in stationary en- 
gines. At the same time, the yearly production of crude 
cil is close to three hundred million gallons, of which a 
considerable part is being used to develop power in three 
ways: By using the crude oil itself in internal-combus- 
ticn engines of the Diesel type; through the explosive use 
of certain byproducts, as in gas and gasoline engines ; and 
as fuel for generating steam for use in steam motors. The 
last of these three will be discussed in this article. 

This use of oil as fuel does not appear to be as uni- 
versal as it might be, probably due to lack of general 
knowledge of the efficiency that can be expected when 
such fuel is carefully and scientifically used and to the 
fact that fuel oil is not obtainable at a reasonable price 
at all times. The first of these drawbacks should be easily 
surmountable and it will be the object of this article to 
present some general information and facts pertaining 
to the question. The second drawback is more difficult 
to overcome but, as it can be controlled to a certain ex- 
tent, should not bear sufficient weight to unreasonably re- 
tard the more extensive use of this exceedingly convenient 
and usually economical fuel. 

Substituting fuel oil for coal in the production of 
steam, evades many of the drawbacks of adopting other 
means of generating power in the ordinary existing steam 
plant. No unheaval in the engine room, accompanying 
discard of valuable equipment, addition of new engines, 
ete., nor radical changes in the engine-room force and 
management are necessary. This does not mean that the 
field lost to the gas engine, where natural gas or gases 
from oil refineries are procurable, can be regained by 
using oil as a fuel, nor that the surprising economy of 
certain internal-combustion engines of the Diesel type can 
be equaled by any possible gain in economy in steam gen- 
eration, due to using oil fuel. It does mean, however, 

hat oil fuel must now be considered as a serious com- 
petitor of coal in, many localities where the power plant 
depends for its operation upon steam. 

Before considering the requirements for an economical 
oil-burning system it will be well to clearly understand 


Wuat Constirutres A Goop Orn 


or what its specifications should be. This will anticipate 
the common criticism that fuel oil is an unsafe fuel, sub- 
ject to accidental ignition, etc. Fuel oil is frequently re- 
ferred to as crude oil and possibly this is the reason for 
the erroneous idea of its danger, for crude oil is a fuel 
oil only when its flashing point is high and the oil com- 
paratively free from gasoline and naphtha. Crude oil it- 
self is a mixture of a number of hydrocarbons which may 


be separated through the agency of heat and in a crude oil 
with low flashing point the first distillate gases given oI 
in refining are very explosive so that such an oil cannot 
be safely used as a fuel oil. 

Gasoline is driven off at a temperature of from 140 {o 
160 deg. F., during the distillation of crude oil, and at 
a temperature of 200 deg. F. the lighter benzines or 
naphthas have been separated from the crude. The resi- 
due, should distillation be stopped at this point, would be 
an oil that could be handled as safely as coal, but the 
specifications for fuel oil generally call for a fire test of 250 
to 300 deg. F., such oil contains little naphtha and can- 
not ignite accidentally if ordinary precautions are taken. 
A shovelful of red-hot ashes can be thrown into a tank 
of such fuel oil without danger, or a red-hot poker may 
be used to stir it without fear of an explosion or igni- 
tion. 

Following in the order in which the various oils are 
distilled from crude comes kerosene, which constitutes 
about one-half the mixture. This is also a good oil for 
fuel but is naturally considerably more expensive than 
fuel oil and cannot be, therefore, considered as a prac- 
tical substitute for coal for any but very small engines. 
The present discussion will be limited, therefore, to a 
brief description of the equipment and requirements for 
a fuel-oil system. 


EQUIPMENT FOR OLL BURNING 


Between a steam plant operated on coal and one on oil 
fuel, the only difference lies in the boiler rooms; the en- 
gine rooms are identical. The alterations or additions in 
the boiler room are neither radical nor complicated so 
that a plant operating on coal can easily, quickly and 
inexpensively be converted into an oil-burning plant by 
adding a few comparatively simple mechanisms and 
equipment. All that is required is the installation of oil 
burners in the furnace doors; proper protection of the 
grates and all exposed metal parts of the firebox with fire- 
brick; a reservoir or storage tank for confining the oil; 
apparatus for pumping the oil to the burners, with means 
of regulating the pressure at which the oil is delivered 
and facilities for preheating the oil before delivery: a 
steam connection between the boiler and oil burner for 
vaporizing the oil; and the piping that may be necessary 
for connecting up the system. 

Without going into an extended analysis of the thermai 
value of fuel oil or of ways of firing such fuel, it may be 
stated that one gallon of good fuel oil per hour will fui- 
nish sufficient heat to develop from 214 to 3 hp. Oil 
burners, proportioned to so regulate the consumption of 
oil, are procurable in a compact form with connections 
for the supply of oil under suitable pressure and for the 
supply of steam to vaporize the oil as delivered from the 
burner. Simple hand valves, forming part of the mecli- 
anism of the burners, regulate the supply of both steam 
and oil, the first of which should be delivered under con- 
stant pressure for hand regulation of the furnace and at 
variable pressure if mechanical regulation is used. 

To facilitate atomizing the oil and to maintain the 
constancy of its supply under given pressure, it should 
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be preheated to reduce its viscosity and thus the pressure 
required to assure proper delivery. The steam required 
for vaporizing is obtained directly from the boiler, when 
in operation, and its pressure should be reduced to an 
equivalent of from 314 to 414 times that at which the oil 
is supplied to the burners. The apparatus for preheating 
the oil, subjecting it to pressure, etc., is usually in the 
form of one compact unit; has considerable capacity ; is 
comparatively inexpensive and is all the mechanism that 
is required to complete the system. The oil-storage tank | 
preferably of a capacity sufficient to take care of the oil 
requirements for a considerable period, if the price of 
ful oil fluctuates to any considerable extent or if oil is not 
always readily obtainable in the locality of the power 
house, is also comparatively inexpensive and should be 
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installed underground, with proper vents, etc., so as to 
minimize the insurance burden. The piping connecting 
up the various parts of the system should also be in- 
stalled underground when possible and made as sim- 
ple as the installation will allow. 


THe EFFICIENCY OF THE SYSTEM 


depends, to a great extent, upon the supply of air for 
combustion. This is important no matter what kind of 
fuel is burned, but is especially so with oil fuel, as upon 
it largely depends the economic value of the installation. 
The boiler efficiency of the average plant burning coal is 
much more frequently around 40 or 50 per cent. than 60 
or 70 per cent., and only the exceptionally efficient in- 
stallation will show over 70 per cent. With oil, this boiler 
eflicieney can be greatly increased, owing to the pos- 
sibility of concentrating the heat and the decreased loss 
due to radiation. A boiler radiation loss of but 3 per 
cent. or better can be obtained, in an oil-fired boiler, by 
proper conservation of heat in the fire chamber by cover- 
ing all metal parts, not in direct contact with the water, 
With good quality firebrick and controlling the supply of 
air in the combustion chamber. 

A given supply of oil requires a specific volume of air 
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for complete combustion (theoretical air supply) but 
practically the best efficiency is obtained with an excess 
air supply of about 10 per cent. With this excess a boiler 
efficiency of about 85 per cent. may be realized in an oil- 
fired boiler with properly proportioned firebox carefully 
protected with good quality of firebrick and the flame of 
the burner directed against a correctly located wall of 
firebrick and so as not to touch the metal of the boiler. 
An air supply of 10 per cent. over the theoretical require- 
ment, however, is a relatively small volume and several 
fold this amount may easily be admitted unless the dis- 
advantage is fully realized by the operator or furnace 
man, and constant care taken in regulation. An excess 
wir supply of only 300 per cent. will reduce the boiler 
efficiency to under 65 per cent., or about that which would 
ordinarily be obtainable with coal as fuel, and would ne- 
cessitate burning nearly 30 per cent. more oil to main- 
tain the requisite boiler pressure—see Chart I. Here evi- 
dently lies the key to the economy of the oil-burning sys- 
tem, for one properly installed and operated will de- 
velop the same power from a boiler capacity of 60 to 80 
per cent. of that required when burning coal. 


Erricrent Ort BURNING 


is indicated by the appearance of the combustion chamber 
and the condition of the exhaust passing to the smoke- 
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stack. The combustion chamber should show a clear white 
incandescence, with only a slight apparent flame, and no 
smoke or unburned gases should pass to the smoke-stack. 
Such conditions can only be recognized through practice, 
but, when the correct appearance is known to the furnace 
man, they can be quite easily maintained. 

The economy in oil consumption is then dependent up- 
on the minimum supply of oil requisite to maintain the 
desired pressure on the boiler. This, in an installation 
where the load is fairly constant, can be controlled by 
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hand by an experienced man, and then the supply of oil 
is regulated under constant pressure and the air supply 
by hand-operated dampers. Where the load fluctuates con- 
siderably, hand regulation is difficult and mechanical con- 
trol should be installed. In a mechanically controlled sys- 
tem the oil outlet in the burner is maintained constant 
and the supply of oil regulated by the delivery pressure. 
This variation in oil pressure, which is directly dependent 
upon the fluctuations in the load, is made use of to regu- 
late the admission of air to the combustion chamber, an 


TABLE I. AVERAGE FIXED CHARGES OF THE POWER HOUSE 
Based on Plant of 500 Hp. 
Oil Burning Plant 


Engine room:— 


Engines, accessories, piping, etc.................---- 30 
Foundations, installation, 


$45 per horsepower 


Depreciation...... 5% total cost 
Repairs.......... 2% 
Interest..... Total, per horsepower per year. 
Insurance........ 1% | Item A—$7.20 
Boiler room:— 
Oil burning systems (complete).................... 3.00 
$22 per horsepower 
Depreciation...... 5% total cost 
2% 
Enterest..........6% Total, per horsepower per year, 
240 Item B—3.63 
Taxes............2% 3 cost 
Cost of operation:— 
Engine room, 
2.60 Item C—2.60 
Boiler room: 
$1.10 per horsepower per year 
$1.57 Item D—1.57 
Total fixed charges, per horsepower per year.............-..6.00050005 $15.00 
Coal Burning Plant 
Engine room:— 
Item A—$7.20 
Boiler room:— 
Building, foundations, $5.00 
$25 per horsepower 
Depreciation...... 5% total cost 
2% 
ae 6% Total, per horsepower per year, 
Insurance........ 1% 


Cost of operation:— 


Engine room: 
Item C—2.60 
Boiler room: 


Attendance................. $1.90 per horsepower per year 
$2.80 Item D—2.80 
Total fixed charges, per horsepower per year.....................0055 $16.47 


increase in load producing an increase in oil pressure and 
a corresponding enlargement of the air-admission passage 
and vice versa. 

The mechanical operations of such regulators differ, but 
usually the apparatus consists of a system of levers op- 
erating the damper rocker shaft and controlled by a dia- 
phragm actuated by pressure in the oil connection to the 
burner. Using the variation in oil pressure to regulate 
the air supply gives a sensitive and reliable control that 
when once adjusted for the range of a particular installa- 
tion will insure efficient and economical oil consumption. 

An efficient oil-burning system for boilers compares 
favorably with the ordinary coal burning from an eco- 
nomic standpoint as is indicated in Chart IT. This chart 
is plotted from Tables I, IT and III, which were compiled 
from various data pertaining to steam plants of about 
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500-hp. capacity and are sufficiently accurate to permit » 
comprehensive comparison between plants of that size op- 
erating on oil and on coal. 

Chart II also affords means for forming a conservative 
opinion as to the relative economies of any size plant op- 
erating on the two fuels with the respective fuels at vari- 
ous prices, for the relation existing between the cost of 
fuel and the average cost of power is practically constant 
in any ordinary size of power plant under efficient man- 
agement, since in larger plants the fixed charge per unit 


TABLE II. AVERAGE COST OF FUEL FOR THE POWER HOUSE 
Based on Plant of 500 Hp. 


Fuel Oil Coal 

Per gal. Per hp. per year Per ton Per hp. per year 
$0.01 $9.00 $1.00 $7.20 
0.015 13.50 1.50 10.80 
0.02 18.00 2.00 14.40 
0.025 22.50 2.50 18.00 
0.03 27.00 3.00 21.60 
0.035 31.50 3.50 25.20 
0.04 36.00 4.00 28.80 
0.045 40.50 4.50 32.40 
0.05 45.00 5.00 36.00 
0.055 49.50 5.50 39. 
0.06 54.00 6.00 43.20 


TABLE III. AVERAGE COST OF STEAM POWER 
Based on Plant of 500 Hp. 


Oil Burning Plant Coal Burning Plant 


Cost of Oil Steam Power Cost of Coal Steam Power 
per gal. per hp. per year per ton per hp. per year 
$0.01 $24.00 $1.00 $23 . 67 

0.015 28.50 1.50 27.27 
0.02 33.00 2.00 30.87 
0.025 37.50 2.50 34.47 
0.03 42.00 3.00 38.07 
0.035 46.50 3.50 41.67 
0.04 51.00 4.00 45.27 
0.045 55.50 4.50 48.87 
0.05 60.00 5.00 52.47 
0.055 64.50 5.50 56.07 
0.06 69 .00 6.00 59. 67 


of power is reduced and the consumption of steam is rela- 
tively less while in smaller plants the reverse is true. 


ADVANTAGES OF OIL FUEL OVER COAL 


Oil is more easily and cheaply handled than coal, can be 
stored at less expense and when stored does not deteriorate, 
minimizes standby losses, and is more convenient and 
cleanly. Of even greater economic importance are de- 
crease of loss of heat generated in the furnace, due to 
concentration and more even distribution of heat, and 
diminished radiation losses; the fact that the boiler and 
its tubes are kept free from nonconducting deposits, such 
as are precipitated from the gases in coal burning; the 
conservation of heat lost when burning coal because of the 
necessity of opening the furnace door to fire; the ease with 
which the intensity of the fire may be regulated; and the 
rapidity with which steam may be raised. Still other 
benefits are the saving in labor and the absence of expense 
entailed in handling and disposing of ashes. These ad- 
vantages are represented in the increase of 20 to 40 per 
cent. in the steaming capacity of the boiler fired on oil, 
to which reference has already been made. 

The possible economy in fuel consumption from the 
use of fuel oil and the numerous benefits accruing from 
its use would doubtless bring about its rapid introduction 
but for the 


UNRELIABILITY OF SuPPLY AT ConsSTANT PRICE 


This condition does not exist in sections of the country 
near oil wells and there the use of oil has already become 
general. In many other parts of the country the average 
price of fuel oil compares favorably with that of coal, but 
the fluctuations in the price of oil are great. Even here 
a judicious purchase of oil when cheap and maintaining 
a comfortable reserve for use during periods of elevated 
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prices will enable relying on oil for fuel without paying 
an exhorbitant price for it, for at some time during each 
year oil is usually procurable at a favorable price for 
economic power development. 

One influence at work tending toward a more uniform 
price for fuel oil is the steadily increasing demand for 


-Signification of Torque 


By FRANKLIN VAN WINKLE 


SYNOPSIS—Terms expressive of rotary power may at 
first be misty to engineers whose experience has been 
confined to reciprocating engines. Ambiguity in use of 
the term torque has led most Continental authors to dis- 
card the word from their writings. The article describes 
the method of measuring the torque of a motor and de- 
jines the relation of torque to horsepower and kilowatt. 

Many engineers upon first acquaintance with electrical 
machinery reserve their confidence in ordinary switch- 
board indicators as means for determining power output. 
It requires, however, only short practical experience in 
care of electrical generators and motors to convince the 
inost skeptical that the voltmeter, ammeter and watt- 
meter are as faithful monitors of power product as the 
steam-engine indicator is of the performance of the re- 
ciprocating engine. 

“Kilowatt” soon becomes as familiar an expression for 
amount of power as “horsepower.” But after long prac- 
tice in computing power developed by the piston of 
a reciprocating engine, one is apt to hold in mind, as a 

height from broke 
beam 25 lb. 


“4M | 


fundamental concept, that power consists of work per- 
formed in a straight line, and engineers who have been 
reared in the gospel of the old school of steam engineer- 
ing are prone to consider that the electric-motor and 
steam-turbine practice have brought into the power field 
methods of computing power that are not entirely recon- 
cilable with the older methods of computation. It is 
erroneous to assume, however, that the era of rotary 
motors has brought with it any actual innovations in 
dynamical computations, for it is rather from motives of 
greater convenience than novelty that the terms expressive 
of energy of rotary power are introduced. For most part 
they are only modifications of expressions which are quite 
as ancient to the mathematician and physicist as the 
time-honored P-L-A-N formula is to the steam engineer ; 
anyone versed in the old power nomenclature who will 
give a little attention to the subject of motors, soon finds 
himself using terms and formulas for estimating rotary 
power with as much facility as he ever had employed 
data obtained with the steam-engine indicator. 
Probably no term used in connection with generators 
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gasoline brought about by the automobile. An excellent 
fuel oil is left as a residue after distilling gasoline from 
crude oil and a constant demand at a uniform price for 
gasoline will mean a constant and low price for fuel oil 
unless the demand for other heavy byproducts of crude oi! 
should unexpectedly increase. 


and motors has given rise to more confusion in the minds 
of operating engineers than “torque,” and this is prob- 
ably because the word is used with two analogous though 
different meanings, viz., one signifying the mechanical 
rotary or turning force which acts on the armature of an 
electric generator or motor causing it to rotate, or in 
general, the forces employed in rotating the armature; 
and another which signifies the summation of the mo- 
ments or leverages of the turning forces applied to an elec- 
tric generator or other machine which turn it or cause 
its rotation. 

The term torque is, therefore, used to stand for both 
(a) a mechanical “force” or “pull” at the periphery of 
the armature, such as is known in mechanics as “tan- 
gential effort”; and (b) the moment or leverage of the 
tangential effort, i.e., the tangential effort multiplied by 
its radius of action. This ambiguity has caused most 
Continental writers to discard the word “torque” alto- 
gether. But with us the word is so generally used in 
both senses that the American engineer must differentiate 
the significance of the term as he may chance to meet it. 

In referring to details of construction of generators or 
motors, one may have occasion to use the word in its 
narrower sense of “tangential effort,” but as a power- 
plant engineer he is concerned with the broader sense 
of the term, viz., as a moment of tangential effort. Em- 
ployed in the latter sense, the torque of a generator or 
motor usually signifies equivalent pounds of pull at the 
end of a radius or arm 1 ft. long. 

Most operating engineers know the meaning of brake 
power and if they will trace out the relations which these 
definitions bear to brake power, the term torque will be 
regarded as a novelty only in name. 

Suppose, as indicated in Fig. 1, a motor has a driving 
pulley which rotates in the direction of the arrow a. A 
clamp brake CLM, suitable for resisting rotation of the 


Weight from 
rake beam 
i. 

Fie. 2. 


driving pulley, affords means for determining torque and 
for testing the power developed by the motor when it takes 
a given current, if account is taken of (1) the horizontal 
distance, & (as 4 ft.) from the center of the driving pulley 
to the point M, where the brake arm is supported on a 
platform scale, (2) the force F (as 100 lb. pressure) with 
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which the action of the motor presses the brake arm down 
on the scale, in addition to that weight of the brake beam 
which is supported on the scale, and (3) the number of 
revolutions NV (as 500 per minute) made by the motor 
in a stated time. 

If now the brake beam is reversed and when freely 


Total weight balanced 
‘by moter 100ib 


Added weight 
TS Ib, 
4 Weight from 
_--brake beam _ \\\ 


Power 


3. 


supported with the motor at rest as shown in Fig. 2 the 
pressure due to the brake beam alone is observed, and 
weights 7 are added to the arm, as shown, Fig. 3, so as 
to make the total weight the same as the downward pres- 
sure which was created on the scale in addition to the 
dead weight of the brake arm when the motor was driven 
as shown in Fig. 1, then the brake would be suitably 
loaded for creating the same resistance as the resistance 
overcome in Fig. 1. Then if the motor were supplied with 
the same current as before, the clamp of the brake could 
be tightened so as to just hold the brake arm poised as 
shown in Fig. 3. 

In either case it is to be recognized thai the rotary ef- 
fort exerted by the motor would b- precisely the same as 
.nough the motor pulley consisted of a drum, as shown 
in Fig. 4, having a radius R equal to the effective length 
F of brake arm as in Figs. 1, 2 and 3, and the effort would 
be the same as if the motor were actually employed in 


Fig. 4. 


raising a weight F’ of 100 |b. through a cord or cable sus- 
pended over the periphery of the drum. 

If the distance R is 4 ft. then for each revolution of 
the drum the weight would be raised through a height 
equal to the circumference of the drum, i.e., the distance 
would be 2x & R or 

2 X 3.1416) X 4 ft. = 25.1328 ft. 
and if the weight amounted to 100 lb., then the motor 
would develop. 
Qe X (RX W) = 2 X 3.1416 & (4 XK 100) = 
2513.28 ft-lb. 
for one revolution. 

The quantity R X F is called the moment of rotation 
and to raise the weight, as in Fig. 4, or overcome an 
equivalent brake resistance, as illustrated in Figs. 1 and 
3, it is evident that an equal and opposite moment must 
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be exerted tangentially by the motor in the direction of 
the arrow a, Figs. 1 and 3. The pull thus required wil! 
depend on its distance of action from the center of the 
motor shaft, for the tangential force multiplied by its 
distance would have to equal R & F. 

It is evident that in considering the power of a motor, 
the term torque should be used only as meaning the prod- 
uct of R X IF, as far as concerns exertion of turning 
effort, it is inexplicit to use the term to signify pull at 
the periphery of the armature unless the radius of the 
armature is distinctly understood. 

In any case the same turning effort would require 2 x 
F’ to have the same value and to avoid ambiguity, torque 
should be restricted to mean turning moment. — 

If the armature has a radius of F# ft. and a pull at the 
periphery of / pounds in any case 

X (RX F); 
then if we know the pull at the circumference of the 
armature and the radius of the armature the torque will 
be the product of these two factors. 

In each of the cases illustrated by Figs. 1, 3 and 4 
it is to be seen that the energy exerted per revolution was 
(RX F); 
ie., the number of foot-pounds exerted per revolution 
would be 27 X the torque, and consequently 27 X torque 
xX r.p.m. = ft.-lb. per min.; or, taking the figures quoted, 
with 500 r.p.m. the number of foot-pounds developed per 

minute would be 

(2 3.1416) (4 X 100) 500 = 1,256,640 ft-lb. 
Dividing this amount by 33,000 we obtain 38.08 hp.; or 
dividing by 44.24 we obtain 28,405 watts, or 28.4 kw. 

From the above it appears that when torque is regarded 
as the moment of rotation, then 


2= xX torque X r.p.m. 


33,000 = horsepower 
and 
x torque X r.p.m. 
Th240 = kilowatts 


To Encourage Cleanliness in Plants 


A good way, if not the best way, to encourage cleanli- 
ness of machines and of the factory in and about the 
machines, is to keep conveniently at hand the implements 
necessary to secure cleanliness—brooms, brushes, cotton 
waste, etc. In some plants the sweeping is given over 
to some one man on each floor, and where this is done 
it may not be advisable to provide a broom convenient 
to every machine man. But one thing that should al- 
ways be handy and within reach is cotton waste, some- 
thing to clean the oil and dirt off of parts of machinery. 
This should be kept where it is easily accessible. 

It is better to have them destroy and waste a little 
of it unnecessarily than it is to be stingy with it and 
let the machines suffer for want of cleaning. Both waste 
and receptacle for the waste should be provided—that is, 
a box, or preferably a metal can, for holding the clean 
waste, and also a metal receptacle for the dirty waste. 
This oily waste is a dangerous thing to have thrown 
around carelessly in the corners, and should always be 
kept in a covered metal box or can of some kind to 
rrevent danger from fire. It also contributes to neatness 
and orderliness.—W ood-W orker. 
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Accident to Twin Tandem Engine 


A peculiar accident happened to a twin-tandem-com- 
pound Corliss condensing engine running at 78 r.p.m. 
and developing about 1800 hp., in the plant of the Berk- 
shire Cotton Mfg. Co., Adams, Mass., on Feb. 11. Ac- 
cording to our correspondent, one of the cross-head shoes 
came loose in some manner, broke in two pieces—one 
piece flying out through the engine-room door and the 
other barely missing the head of Howard Kaiser, assistant 
engineer. The mill was shut down a few hours while a 
new shoe was fitted. 


oe 


Piston Explodes 


Another instance of where “they did not know it was 
loaded” is related by a correspondent. In a machine 
shop at Hadley, Alaska, on Jan. 22, two men were heat- 
ing a piston and piston rod in a forge, preparatory to 
straightening the rod, when the piston exploded. For- 
tunately, no one was injured and the damage done was 
slight. The explosion is said to have been due to the 
presence of water in the piston. On the application of 
heat, the pressure due to the formation of steam caused 
the explosion. 


Blowoff Tank Explodes 


A rather odd accident happened at the Colorado 
Springs high-school building, on Jan. 30. The heating 
plant has two 14-ft. by 60-in. boilers, operated at 60 lb. 
steam pressure so as to drive an engine and fan. The 
blowoffs from these boilers are connected to a small cast- 
iron reservoir 3 ft. in diameter and 3 ft. deep, which in 
turn is connected to the city sewer by means of a 4-in. 
siphon reduced to 2 in. just outside the reservoir. The 
2-in. pipe has one elbow before it reaches a 4-in. sewer 
4 ft. away. 

A week previous to the accident, the blowoff pipe on 
one of the boilers had become clogged between the boiler 
wid reservoir. The engineer could not shut down and 
take out the pipe because of the very cold weather at 
ihat time, so he tried forcing it out by opening the 
blowoff under 60 lb. pressure. As usual, the space be- 
tween the back of the boiler and the partition wall was 
harrow and the reservoir was situated just at the en- 
trance of this narrow alley. 

As the engineer opened the mud valve he heard the 
rush of water as the pipe cleared itself and he was just 
on the point of backing out and letting it blow for 
awhile when there was an explosion, filling the boik r 
room with hot water and steam, and before he could get 
the valve closed he was badly scalded. 

The pipe from the reservoir to the sewer had become 
choked so that the pressure increased enough in the 
reservoir to rupture the %4-in. cast-iron cover. ‘Two 
pieces hit the ceiling with force enough to go through, 
but were stopped by the floor above. 


Our juvenile contemporary “Blow-Oft” had an article re- 
cently on “Taking Care of Little Things” which at first sight 
we thought bore on the wage question, but it didn’t. Little 
“Blow-Off” is hitting right from the shoulder on other mat- 
ters. Bore in, neighbor, you’vegot lots of steam behind your 
punch. 
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NEW PUBLICATIONS 
: 
THE INDICATOR HANDBOOK. A practical manual for 


engineers by Chas. N. Pickworth, 
editor of the “Mechanical Works,” 
dGicator diagram, 


Whitworth scholar, 
ete. Part II. The in- 
its analysis and calculation. Pages, 139, 
5x7, illustrated, cloth, price 3s. Emmott & Co. iLtd., 
Manchester, England. D. Van Nostrand Co., New York. 


The Pickworth handbook appears to be the _ favorite 
English manual of the steam-engine indicator. The resetting 
for the fifth edition has furnished the author an opportunity 
to extend the work in several particulars, especially the 
chapter dealing with diagrams from gas and oil engines. He 
points out that in the first edition of his work a gas-engine 
diagram was reduced to logarithmic codrdinates, and the 
value of n for the compression curve determined, as has 
just been done by Mr. Clayton. 


MATERIALS AND CONSTRUCTION—A_ Textbook of 


mentary ‘a Design, By James A. Pratt. 
Blakiston’s Son & Co., Philadelphia, Penn. Cloth; 
pages, 5x7 in.; 85 illustrations; tables. Price, 90c. 


The book gives an elementary treatment of materials and 
the laws of construction. It is intended for trade-school 
students so that no attempt has been made to cover any ad- 
vanced engineering work. The following list of chapters will 
give some idea of the contents: Elementary Principles, Ma- 
terials, Elementary Calculations and Properties, Beam De- 
sign, Columns, Torsion, Action of Elementary Forces and 
Their Consideration in Design, Proportions of Knees and 
Counters, Riveted Joints, Reinforced Concrete, Tables and 
Data. In correctness and simplicity of treatment the book 
fulfills its purpose, and should be of value to the student in- 
terested in mechanics. 


SHOP MATHEMATICS—Part I: Shop Arithmetic Prepared in 
the Extension Division of the University of \Wisconsin. 
By Earle B. Norris and Kenneth G. Smith. McGraw-Hill 
Book Co., New York City. Cloth; 187 pages, 64%4x9% in.; 
86 illustrations. Price, $1.50. 


To teach the fundamental principles of mathematics to 
shopmen is the aim of the book. The first twelve chapters 
are devoted to simple arithmetic, such subjects as fractions, 
percentage, ratio and proportion, areas and volumes, square 
root, etc., being treated in very simple style, with plenty 
of examples to drill the reader in the work. The balance of 
the book contains chapters on levers, tackle blocks, inclined 
plane and screw, work, power and energy, horsepower of en- 
gines and belting, mechanizs of fluids, heat and strength of 
materials. This part of the book is intended to develop an 
ability to use simple formulas and simultaneously impart a 
knowledge of the principles of machines. The problems and 
applications relate largely to the metal-working trades, but 
are of just as much interest and value to the engineer in 
the power plant. References to everyday applications of the 
subjects mentioned and illustrations of familiar machines and 
devices make it easy for the reader to grasp the points of a 
problem. Due to the simple and direct treatment the book 
should prove specially valuable in home study. 


THEORY OF DRAWING. By, Alphonse 
A. Adler, B. S., D. Van Nostrand Co. 
Cloth; 289 pages;  einetentinde: 6x9 in. Price $2. 


As the author states in his preface, the subject matter of 
this book is, in large measure, the same as dealt with in 
treatises on descriptive geometry. The chief aim is to cor- 
rect the weaknesses considered to exist in the manner of pre- 
senting the theory of descriptive geometry. 

The title is very appropriate considering that descriptive 
geometry applies more to engineering than to any other 
field, and because the author treats ef its relation to en- 
gineering. Contrary to the usual manner of working up 
the subject by starting in with definitions and considerations 
of the orthographic projections of a point and going thence 
into the theory of the projection of lines, surfaces and 
solids, the author reverses the process by first considering a 
concrete object and then working up to the theory. The 
purpose of this method of presentation is to make it easy 
to understand each successive step of the subject. 

The book is divided into four parts Part I treating oblique 
projection and orthographic projection, which includes axo- 
nometric projection; Part 2, an interesting variety of prob- 
lems relating to the line, the point and the plane; Part 3, 
problems in perspective, and Part 4, shading. 

The book will be found very useful to those who have to 
do with or are interested in the theory and commercial ap- 
plication of drawing. The volume is well adapted to home 
study, as a number of questions are given after and re- 


lating to each chapter. 
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THE METRIC SYSTEM. By Henry G. Bayer. Ninety-four 
4x6%-in. pages; 13 illustrations in the text; 26 tables of 
equivalents. Price, 85c. Henry G. Bayer, 232 Greenwich 
St., New York, N. Y 


This little book has been prepared to furnish in useful 
form to the student, engineer and manufacturer, needful 
data in regard to the metric system. The author is an en- 
thusiastic advocate of the system, but this does not blind 
him to the strength of the arguments in opposition; in fact 
these major arguments are briefly and accurately stated in 
the opening paragraph on page 11. 

The history of the system, its definitions, rules, etymol- 
ogy, 26 conversion tables and explanatory problems are 
given. The general heads are: Measures of Length, of 
Surface, of Volume, of Capacity, of Weight (mass), of Value; 
Miscellaneous Measures Used in Physics and Engineering, 
and Thermometers, 

The tables, which are among the most important and per- 
haps the most useful features have been worked out with 
care and completeness. They alone are sufficient to recom- 
mend the book, for too often the engineer exasperatingly 
fails to find the particular equivalent of some compound 
English unit when he wishes to make a conversion to the 
metric system. The book will be found of value to anyone 
having occasion to use the metric system. 


LEFAX. Loose leaf engineer’s reference book founded by 
John Clinton Parker, published by the Standard Corpora- 
tion, Pennsylvania Bldg., Philadelphia, Penn. A year’s 
subscription, $1. Size of pages 3%x6%-in. Loose leaf 
binder, leather covered, 90 cents. 


With the evident idea of giving the engineer ultimately 
all the data which he needs to keep on hand, in the shape 
of loose-leaf sheets, so that he need carry for reference only 
such pages as are most important to him, J. C. Parker has 
hit upon the scheme which has now borne fruit in “Lefax,” 
(Leaf-facts). 

It takes care not only of the data sheets published by the 
Standard Corporation, but of the engineer’s own notes, and 
of data published in periodicals, for such may be filed on 
blank sheets of the same standard size as the data sheets, 
and indexed among them. Clippings can be so pasted or a 
synopsis of the article written on the blank sheet. Sub- 
scribers are invited to suggest subjects for data sheets, and 
such as furnish data sheets which are accepted will be paid 
for them at the rate of $5 a sheet, provided such information 
is original. 

On each sheet a filing index is printed, which can be 
modified at the individual user’s pleasure. 

In the sample sheets sent out are tables of logarithms, 
circumferences and areas of circles, the 1912 standard of 
flange fittings, actual evaporation per boiler horsepower and 
factors of evaporation for saturated steam, properties of 
saturated steam from the new Marks & Davis tables, actual 
evaporation per boiler horsepower and factors of evapor- 
ation of superheated steam, 100 deg. superheat, sheet metal 
and wire standard gages, and an example of the advertising 
sheets sold to manufacturers of equipment for presenting 
data of interest to engineers. The one given among the 
samples is from the Parker Boiler company, and describes the 
design of a Parker downflow boiler. 


PRACTICAL MATHEMATICS, PARTS I, II AND III. Bound 
separately. By Claude Irwin Palmer. Published by the 
McGraw-Hill Book Co., New York City. 5x7 inches. 


Cloth. Price 75 cents per volume. 

These three books are the first of a series of four vol- 
umes treating of mathematics. The series is the outgrowth 
of the course in mathematics given the evening classes of 
the Armour Institute of Technology. These little books are 
well adapted to the needs of practical men who must get 
a working knowledge of mathematics by home study. 

Part I (188 pages) begins with a review of arithmetical 
terms and work which nearly every man has learned in the 
lower grades of the grammar school. 

The following chapters take up common and decimal 
fractions, weights and measures, percentage, ratio, propor- 
tion, powers and roots. The exercises consist of working 
out problems that are met with in every day work in the 
shop, engine room, and in the building trades. 

Part II (150 pages) treats solely of the essentials of 
geometry. Plenty of exercises are given so the student may 
get a good training in the working of problems relating to 
triangles, circles, prisms, cylinders, spheres, pyramids, cones, 
frustrums, etc, 

Some examples in geometry relating to the work of the 
carpenter, machinist, mason or engineer, are fully explained 
and worked out. This book concludes with a list of 61 
geometrical formulas and five tables. 

Part III (176 pages) takes up algebra. The author 
treats the subject so feared by most practical men in a man- 
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ner which is necessarily lengthy on account of the sim- 
plicity with which the matter must be presented. 

At the end of each lesson a number of examples are given 
with their answers so that the student may know whether 
or not he has worked his problems correctly by reference to 
these answers. 

Engineers will find Chapter 15 of this volume to be of a 
special interest to them in that it takes up the essentials for 
plotting graphics. 


THE ELEMENTS OF HEATING AND VENTILATION. By 
Arthur M. Greene, Jr. John Wiley & Sons, New York, 
1913. Cloth; 324 pages, 6x94 in.; 223 illustrations, tables. 
Price $2.50. 


The book is a general treatment of heating and ventilat- 
ing systems, covering hot-air, hot-water and direct and in- 
direct steam heating systems, particular attention being 
given to residence heating. Formulas for the amount of air 
required for ventilation are deduced and supplemented by 
tables from various authorities. This data is naturally fol- 
lowed by a description of humidifiers and washers for clean- 
ing the air. The subject of heat losses from rooms is given 
considerable space. The various common forms of building 
construction are illustrated with data and formulas for cal- 
culating the heat loss and the heat required for ventilation. 
Radiators and valves of various types are illustrated and 
the subject of heat transmission through radiators is taken 
up at length. In direct steam heating, the _ single-pipe, 
double-pipe and over-head systems are compared and in the 
chapter following, gravity hot-water systems are given at- 
tention. 

Indirect heating is limited to 65 pages. To illustrate the 
natural-draft system, the size of the flues and ducts and the 
amount of the heating surface is calculated for a two-story 
heuse. The plenum or forced-draft system is applied to a 
school house. ._The flow of air is taken up and formulas for 
the drop of pressure in pipes and bends are given. Meth- 
ods for measuring the quantity of air by pitot tubes, stand- 
ard orifices, anemometers, venturi meters and electric meters 
are explained and tables are given of pressures and the 
velocities of air and the diameters of pipes required for va- 
rious capacities. Several forms of fans and housings are 
illustrated with problems showing the method to be pur- 
sued in determining the size of a fan for a given case. 

In the section devoted to hot-air heating, a system is 
laid out and all calculations made for a two-story house. 
The details of furnaces and boilers and the points governing 
their selection are taken up and following is a description of 
the relative merits of steam, hot-water and hot-air systems. 

District heating with steam and hot water is compared 
and the concluding chapter is devoted to thermostatic tem- 
perature control and the use of air for drying. 

Due to the number of subjects discussed, the treatment 
is necessarily brief and, as the book deals mostly with house 
heating and ventilation, its value as a general reference book 
is limited in the same proportion to this particular branch 
of the art. 


Proposed Maine License Law 


In the Maine Legislature an act to provide for licensing 
engineers of stationary engines has recently been proposed 
by Mr. Harman, of Stonington. The bill contains 10 sec- 
tions. 

Section 2 declares that whosoever desires to act as engi- 
neer of a stationary engine shall apply for a license there- 
for to the secretary of state. The application must show 


- the applicant’s total experience and be accompanied by the 


fee of $2. 

The bill will allow an owner or user to operate a steam 
boiler for one week without a license. If the secretary of 
state decides that the applicant has properly answered all 
the questions in the application, and “the applicant has had 
the required two years’ experience as a fireman,” a license 
will be granted to operate a stationary engine in any part 
of the state of Maine for a period of two years unless re- 
voked for incompetency or negligence. He must be “a citizen 
or naturalized citizen of the United States,” of good moral 
character and of sober habits. 

It is also proposed that a license may be renewed at the 
end of the two years without the $2 fee for renewal if the 
application is made within six months from the date of ex- 
piration of the license. 

A violation of these rules subjects the engineer to a fine 
of not less than $100 or more than $500, imprisonment for 
not less than 30 days or more than three months, or both. 
The trial justice, the municipal and the police courts will 
have jurisdiction of offenses under the act. 
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Employees Share in Profits 


Profit-sharing by employers with their employees received 
a practical endorsement at a banquet held in the Hotel 
Walton, Philadelphia, Monday evening, Feb. 17, at which 
were gathered the thirty-two associates and employees of 
the New York and Philadelphia offices of the architectural 
and engineering firm of Ballinger & Perrot. 

Walter F. Ballinger presided, and gave a brief address ex- 
plaining the profit-sharing plan which had been decided 
upon. This division will be upon a two-fold basis; the first, 
the division of a certain sum set aside from the profits in 
which all the employees will share equally, irrespective of 
their salaries. Second, there will be a division of an addi- 
tional amount based upon the proportion which each em- 
ployee’s salary bears to the total amount of salaries paid. 

Mr. Ballinger announced that the past year had been the 
most successful the firm had ever handled, and it was due, 
in a great measure, to the efficiency and coéperation of the 
employees. Emile G. Perrot then distributed checks to the 
employees, representing their proportion of the profits of the 
past year on the basis outlined. 

Profit-sharing has proved so satisfactory that the firm has 
decided to extend the plan to all of its employees, from the 
highest to the lowest, believing thereby to obtain an in- 
creased coéperation and efficiency throughout their entire 


MEMBERS AND GUESTs AT DINNER OF AMERICAN TNSTITUTE OF STEAM BOILER INSPECTORS 


force. No pretense is made that the plan is a species of 
philanthropy, it being their firm belief that fair treatment 
of the employees is of mutual benefit to employer and em- 
ployee. 


SOCIETY NOTES 


A meeting of the American Institute of Consulting Engi- 
neers to further discuss “Professional Relations” will be held 
at the Engineers’ Club, 32 West Fortieth St., New York City, 
Tuesday evening, Mar. 11, at 8 p.m. The discussions of L. B. 
Stillwell and S. Whinery at the last meeting were printed in 
“Engineering News” of Jan. 23, page 155, and it is hoped that 
the members will read these articles and come prepared to 
speak. There will be an informal dinner at 6:30 at the same 
place just before the meeting. 


In a paper read by K. Cox on “Internal Combustion En- 
gines” recently, before the Yorkshire section of the Institu- 
tion of Electrical Engineers, the author established com- 
parisons between three different classes of plant as fol- 
lows: In regard to capital cost, that of a 650-kw. turbine 
generating plant amounting to £8850, as against £960 for a 
fas engine installation and £11,080 for a Diesel engine in- 
Stallation of similar power. The running costs for the three 
plants under equal conditions were as follows: Steam plant, 
0.232d. per brake hp.-hr., and 0.348d. per kw.-hr.; gas en- 
gine plant, 0.195d. and 0.292d. respectively, and Diesel en- 
gine plant, 0.268d. and 0.047d. respectively. 
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Members of American Institute of 
Steam Boiler Inspectors Dine 


The annual dinner of the New York section of the Amer- 
ican Institute of Steam Boiler Inspectors was held at the 
Oak Hotel on Friday evening, Fev. 21, to commemorate the 
second anniversary of the founding of the society. About 
sixty members and guests were present and although not a 
large assemblage, they made up for lack of numbers in the 
enthusiasm shown. 

As a mark of appreciation, the society presented its re- 
tiring president, J. W. Winter, with a handsome gold watch: 
T. T. Parker making the presentation. 

Among the speakers were several representatives from 
other cities. These included Mr. King and Mr. Malloy, of 
Boston. The latter told of the Boston section of the Ameri- 
can Institute of Steam Boiler Inspectors, its organization, 
educational program and policy. 

Philadelphia was represented by Mr. Lukens, chief in- 
spector of boilers for that city. He made a plea for uniform 
boiler laws and incidentally mentioned that since the Phila- 
delphia laws had been in force there had not been a boiler 
explosion in that ciy. 

The government service was represented by Mr. Arkle- 
baum, who made a few remarks. 
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Mr. Fogarty, of Brooklyn, spoke from the viewpoint of the 
boiler manufacturer. He told how difficult it was to build 
a high-grade boiler to compete with an inferior one under ex- 
isting conditions, and also threw some light on the present 
city inspection of steam boilers by the police department. 
He strongly advocated the adoption of state boiler rules for 
New York similar to those now in force in Massachusetts and 
also advocated giving insurance inspectors the power to shut 
down a boiler which they did not believe safe. 

F. G. Shaw, the newly elected president, then spoke of the 
aims of the society and heartily endorsed what the other 
speakers had said regarding uniform boiler laws. Upon 
the motion of T. T. Parker, the society adopted a resolution 
providing for the presentation of a bill to the present legis- 
lature, for boiler laws based on the Massachusetts rules. 

Thomas Wilmott, a member of the Assembly from Brook- 
lyn, pledged his support of such a bill when drawn up. 

Brief speeches were also made by a number of other mem- 
bers and guests and R. A. Thompson was reélected secretary 
for the ensuing year. A splendid musical program added to 
the attractions of the evening. 
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PATRICK W. CANTWELL 

Patrick W. Cantwell, a boiler maker, for many years in 
the department of water supply at the Ridgewood pumping 
station, Brooklyn, N. Y., and long the president of the Boiler 
Makers and Iron Ship Builders Association of America, died, 
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Feb. 7, at his home in Greenpoint. He was born in the East- 
ern District 54 years ago and lived in Greenpoint 30 years. 
He is survived by his widow and three daughters. 


CARL GUSTAF PATRIK de LAVAL 


Carl Gustaf Patrik de Laval, of Stockholm, Sweden, died re- 
cently in the sixty-seventh year. He was born at Blaisenborg, 
County of Orsa, Province of Dalarne, Sweden, May 9, 1845. 
His father was Capt. Jacob de Laval, of the Swedish Army; 
his mother’s maiden name was Johanna Martin. A mechan: 
ical taste became evident in his childhood, for he leved to 
take apart and put together pieces of mechanism, such as 
watches and gun locks. His parents were wise enough to let 
his inclination develop. Having continued his home instruc- 
tion until the age of 12, they sent him to school in Salun, 
Sweden, and at 18 he was a student in the University of Up- 
sala, Sweden. It is said also that he was enrolled in the Uni- 
versity of Stockholm. At all events, he reached his college 
graduation with high honor in 1866. De Laval’s first em- 
ployment was with the “Stora Kopparberg,” a mining con- 
cern, where he found that he needed a better scientific edu- 
eation and thereupon returned to Upsala, taking up post- 
graduate study in chemistry physics, mathematics, etc. In 
1872, having attained the doctorate of philosophy, he _ re- 
entered the service of the ‘Stora’ company. About this time 
he journeyed to the Harz Mountains, in Germany, to study the 
manufacture of sulphur or sulphuric acid, a plant for the 
production of which was projected at Salun. 

Going to Germany in 1875, he became mechanicai engineer 
for the Kloster Iron Works, where he invented a sort of sieve 
for improving the distribution of air in bessemer converters. 
He also invented a new apparatus for galvanizing purposes. 
More significant were his experiments with the centrifugal 
cream separator, which perhaps has made his name even 
more widely known than did his steam turbine later. 

Prof. Lefeldt, it is fair to mention, was working with the 
separator idea at about the same time.as de Laval. The lat- 
ter, seeing its possibly enormous utility, and having. failed 
to persuade the Kloster concern to take up its manufacture, 
surrendered his employment with them, in 1877, and went to 
Stockholm to exploit the invention himself. Since that time, 
the sales of his cream separator have amounted probably toa 
million machines. The mechanism has undergone important 
improvements over the original pattern, among them being a 
continuous delivery of cream and skimmed milk from their 
respective outlets. De Laval made other inventions in the dairy 
business, including the “Lactotrite,”’ “Emulser,” and “Con- 
tinuous Churn.” The “Lactotrite’—which we understand to 
be the same as the “Lactometer’’—is an instrument for auto- 
matically analyzing milk to show its quality. Previously it 
had been customary to determine the proportion of cream, 
but de Laval’s instrument accurately indicates its richness 
in butter fat. 

Following the establishment of his cream-separater in- 
dustry, Dr. de Laval founded at Olofstrém, Sweden, a factory 
for stamping out steel utensils, which has grown into a very 
important national industry. At heavy cost, he experimented 
with a steamboat to develop high speed on a new principle, 
but was not very successful, and, although confident that he 
had the right idea, he decided to drop it and put his time 
and money into the steam turbine. 

As long ago as 1870, he had experimented with a nozzle 
for a steam sand blast to be used for making mine borings, 
the edges of which nozzle were so inclined as to cause rota- 
tion. This, though of little account in itself, turned his mind 
in a fruitful direction. About 1882, he constructed his first 
steam reaction turbine. It was a simple one, on the prin- 
ciple of Hero’s engine, the rotor being essentially an S-shaped 
outward-flow pipe. It was geared with friction bevel wheels 
whose pressure was produced by the axial thrust of the tur- 
bine wheel. This turbine did not expand the steam enough 
to run at very high speed. 

In one or more of these early experimental turbines he 
used water (condensed steam) for bearing and stuffing-box 
lubrication. ‘The shaft rested on a stepbearing inclosed in 
a vessel filled with water under high pressure, which kept 
the shaft up to a certain level. If it rose higher, the water 
escaped, relieved the pressure and allowed the shaft to drop 
back. By this construction a considerable power was de- 
veloped, but the bad lubrication caused heating at the higher 
speeds, and it seemed impossible to make a tight packing 
between the steam inlet and the fast rotating wheel. 

To introduce the steam without impeding the rotation of 
the wheel, de Laval tried the plan of initially converting a 
part of the energy into kinetic form. This gave it the ve- 
locity required when it reached the rotor and the consequent 
lowering of pressure allowed a play of one-half to one milli- 
meter without leaking. 
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Doctor de Laval’s first commercially practical turbine was 
built in 1883, and was used to drive a cream separator, di- 
rectly connected. Its efficiency was low, due to the slow 
peripheral speed and imperfect steam expansion. 

It was not until 1888 that he arrived at the system of com- 
pletely expanding the steam and employing it in an axial 
turbine. For this purpose, he used a multiplicity of nozzles 
in which the sieam expanded to atmospheric pressure ani 
produced a corresponding velocity. The wheel was designed 
for this velocity and the turbine was an axial impulse one 
which ran at a high number of revolutions per minute, At 
the close of 1888, de Laval invented the flexible shaft that 
allowed the wheel to revolve at a speed limited only by the 
strength of the material, thus perfecting the principle of his 
turbine. Tremendous were the practical difficulties that he 
surmounted in designing turbine wheels so constructed and 
balanced as to revolve around their centers of gravity at 
16,000 to 30,000 r.p.m. without destructive side pressure on 
the bearings and to produce horsepower ranging up into the 
hundreds. ‘In experiments he obtained even greater speeds. 

De Laval formed his turbine business into a large incor- 
porated company at Stockholm, Sweden, which had affiliated 
concerns in many countries, including France, Germany, Eng- 
land, Netherlands, Austria-Hungary, Russia and the United 
States. The number of his turbines that have been manu- 
factured runs high into the thousands. They are employed 
for direct connection to dynamos, centrifugal pumps, blowers 
and other machines. Something like one in seven has been 
built for use on shipboard. 
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The demand by the turbine for high pressures of steam 
led de Laval to experiment with boiler designs, in which he 
applied new principles and aimed at absolute freedom from 
explosions. ‘His boldness and unconventionality as an in- 
ventor may be judged from the fact that he worked with 
steam pressures of several thousand pounds per square inch. 

He was an engincer of great Versatility. One of his more 
recent inventions was a method for making iron pipe. He 
busied himself also with metallurgy, among his later patents 
being those on electric furnaces for direct produetion of 
metals from the ores, a method especially valuable in a coun- 
try like Sweden, which is rich in water powers. <A zince-smelt- 
ing plant on the de Laval principle was established at the 
Trollhaitte waterfall, and still later he patented a furnace for 
smelting iron from a pulverized charge. 

De Laval’s personality was one which drew to him the 
respect and love both of his social peers and of his employees, 
and his valuable citizenship was recognized by the bestowal 
of national offices. He was elected a deputy to the Swedish 
Parliament, 1888-90, and later became a member of the Sen- 
ate. De Laval’s honors and decorations were many, he having 
received.the Cross of Commander of Wasa, and the insignia 
of Knight of the First Class of the North Star. He was a 
member of the Swedish Royal Academy of Science, which 
presented him with a gold medal in 1892, and an honorary 
member of the Royal Academy of Agriculture. In 1904, the 
Association of German Engineers awarded him the Groshof 
meda! for his pioneer work on the steam turbine. 
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